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[57] ABSTRACT 
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output buffer circuit, and internal data is transmitted from 
the gate circuit to an output buffer circuit externally output- 
ting data. Generation of an internal clock signal is stopped 
at a timing faster than deactivation of the output buffer 
circuit, and the gate circuit is set to the latching state. 
According such arrangement, output of invalid data is pre- 
vented. 
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CLOCK SYNCHRONOUS SEMICONDUCTOR 
MEMORY DEVICE CAPABLE OF 
PREVENTING OUTPUTTING OF INVALID 
DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor memory 
device, and in particular a synchronous semiconductor 
memory device operating in synchronization with a clock 
signal. More particularly, the invention relates to a control 
circuit for data output of the synchronous semiconductor 
memory device, and specifically relates to a structure for 
preventing output of invalid data. 

2. Description of the Background Art 

FIG. 21 is a timing chart representing an operation in data 
reading of a synchronous semiconductor memory device in 
the prior art. The operation of the synchronous semiconduc- 
tor memory device will be described below with reference to 
FIG. 21. 

This synchronous semiconductor memory device per- 
forms take-in of an externally supplied control signal and 
output of data in synchronization with an externally supplied 
clock signal extCLK such as a system clock. At a rising edge 
of external clock signal extCLK in clock cycle #1, a row 
address strobe signal /RAS is set to L level, and a column 
address strobe signal /CAS and a write enable signal /WE 
are set to H-level. A combination of states of these control 
signals is called an active command, which instructs the 
synchronous semiconductor memory device to perform row 
selection in accordance with a currently applied address 
signal. When a so-called RAS-CAS delay time of a standard 
DRAM elapses, an internal column selection is allowed. 

At the rising edge of external clock signal extCLK in 
clock cycle #3, row address strobe signal /RAS and write 
enable signal /WE are set to H-level, and column address 
strobe signal /CAS is set to I^level. A combination of these 
states of control signals is called a read command, which 
instructs the device to perform the column selection in 
accordance with a currently applied address signal, and data 
is read from the selected memory cell. 

In the data read operation, the column selection is inter- 
nally performed, and data of the selected memory cell on the 
selected column is externally read out, and therefore a time 
is required for internal data transfer. Initial data is output in 
clock cycle #4, and output data Dout is made definite at the 
rising edge of external clock signal extCLK in clock cycle 
#5. Thereafter, column address signals are internally pro- 
duced in accordance with a predetermined sequence to 
perform the column selection, of which start address is 
designated by the externally applied address signal, and data 
reading is continuously performed. At each of the rising 
edges of external clock signal extCLK in clock cycles #6, #7 
and #8, data is made definite and is sampled by an external 
device. 

The number of clock cycles from application of the read 
command to appearance of valid data is called a CAS 
latency. The number of data per data output terminal, which 
are successively read in response to one read command, is 
called a burst length. FIG. 21 shows by way of example the 
read operation performed with the CAS latency of 2 and the 
burst length of 4. 

At the rising edge of external clock signal extCLK in 
clock cycle #9, row address strobe signal /RAS and write 
enable signal /WE are set to L-level, and column address 



19,488 

2 

strobe signal /CAS is set to H-level. A combination of these 
states of control signals is called a precharge command, 
which instructs precharging of the array. Thus, the selected 
row is internally driven to the unselected state, and the 

5 memory cell array returns to a predetermined precharged 
state so that the synchronous semiconductor memory device 
enters the standby state. 

As shown in FIG, 21, the device takes in the external 
signal in synchronization with external clock signal extCLK 

10 so that a definite timing of each control signal is determined 
with respect to external clock signal extCLK, and it is not 
necessary to take into account a timing margin for a skew of 
each control signal or the like. Therefore, the internal 
operation can be performed at fast timings, and fast access 

1S is allowed. Also, fast data transfer is allowed because data 
Dout is output in synchronization with external clock signal 
extCLK. 

FIG. 22 schematically shows a structure of a portion of 
the synchronous semiconductor memory device related to 

20 data reading in the prior art. In FIG 22, the synchronous 
semiconductor memory device in the prior art shown in FIG. 
22 includes a memory cell array 900 having a plurality of 
memory cells arranged in rows and columns, an address 
input buffer 902 which takes in an externally applied address 

25 signal in synchronization with the clock signal and produces 
internal row and column address signals, a row select circuit 
904 which drives the addressed row (word line) in memory 
cell array 900 to the selected state in accordance with the 
internal row address signal received from address input 

30 buffer 902, a column select circuit 906 for selecting the 
addressed column (bit line pair) in memory cell array 900 in 
accordance with the internal column address signal received 
from address input buffer 902, a read circuit 908 for reading 
data of the memory cell on the column selected by column 

35 select circuit 906 in the data read operation, an output circuit 
910 which receives and buffers read data RD supplied from 
read circuit 908 in synchronization with an internal clock 
signal CLKO for producing external data Dout when 
activated, a clock buffer 912 for buffering externally applied 

40 clock signal extCLK to produce internal clock signals 
intCLK and CLKO, a command decoder 914 for determin- 
ing logical states of externally supplied control signals 
/RAS, /CAS and /WE in synchronization with internal clock 
signal intCLK, to produce a signal representing result of the 

45 determination, and a control circuit 916 for performing an 
operation instructed according to the output signal of com- 
mand decoder 914. 

Control circuit 916 includes a row-related control circuit 
916a which is activated upon reception of an operation 

50 mode instruction (the active command and the precharge 
command) related to the row selection from command 
decoder 914, and controls operations of circuits related to 
the row selection, a cohimn-related control circuit 9166 
which is activated upon reception of instructions (the read 

55 command and a write command instructing data writing) 
related to the column selection from command decoder 914, 
and to control operations of circuits related to the column 
selection, and an output control circuit 916c which activates 
output circuit 910 in accordance with a read enable signal 

60 OEMF received from column-related control circuit 9166. 
When an output enable signal (i.e., output buffer enable 
signal) OEM from output control circuit 916c is activated, 
output circuit 910 is activated to generate data Dout in 
synchronization with internal clock signal CLKO. 

65 Row-related control circuit 916fl controls address input 
buffer 902 and row select circuit 904 as well as a bit line 
precharge circuit and a sense amplifier circuit, which are not 
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shown in the figure, but it is shown controlling only row The burst length counter 920a, which counts the burst 

select circuit 904 in FIG. 22. Column-related control circuit length period in synchronization with internal clock signal 

9166 activates read enable signal OEMF when an access intCLK (FIG. 25 shows the operation with the burst length 

command (the read command) is applied. While read enable 0 f 4) > drives the reset signal /RST to the active state of 

signal OEMF is active, the column selection and the reading 5 L-level for a period of one clock cycle when four clock 

of internal data are performed. Column select circuit 906 cyclcs ( burst lcngth pcriod ) elapses after application of the 

includes a column decoder and I/O gates for connecting the read command When the reset signal /RST falls to L-level, 

selected column to the internal data line. Read circuit 908 ^ output sigQal of NAND cifcuit 920c attains H _ leyel) and 

includes a preamplifier circuit for amplifying the data on the NAND circuit 920* which receives the signals at H-level on 

internal data line. Ihe read circuit may mclude a transfer 1Q both ^ ^ fead enab]e OEMF to L-level. 

gate, which transfers the output signal of the preamplifier fixed tQ 

circuit in synchronization with internal clock signal intCLK, „ t / . \ FT i -.- *u • 

_ , • . , . . , H-level, and read enable signal OEMF mamtains the mac- 

as necessary according to the internal structure. . ' , & . , m „ m , 

* * • wntA* i j * * >. / *. i • • a tive state even when reset signal /RST returns to H-level. 

Output circuit 910 mcludes a gate circuit for taking in read ^ 

data RD applied from read circuit 908 in synchronization B Y keeping read enable signal OEMF active only for the 

with internal clock signal CLKO, and an output buffer which 15 burst length period, data of the burst length is read. 

in turn buffers and outputs the output signal of this gate FIG. 26 shows by way of example structures of output 

circuit when output enable signal OEM is active. Column- control circuit 916c and output circuit 910 shown in FIG. 22. 

related control circuit 9166 determines a timing for taking In FIG. 26, output control circuit 916c includes a (CAS 

the column address into the address input buffer 902, but this latency- 1) clock shifter 916ca delaying read enable signal 

operation is not shown in FIG. 22 for simplicity purpose. 20 QEMF, which is generated from column-related control 

FIG. 23 shows an example of a structure of clock buffer circuit 9166 shown in FIG, 22, by (CAS latency-1) clock 
912 shown in FIG. 22. In FIG. 23, clock buffer 912 includes C ycle(s) of internal clock signal intCLK. (CAS latency-1) 
a buffer circuit 912a for buffering external clock signal c \ 0( ± shifter 916ca performs a shifting operation in syn- 
extCLK and producing internal clock signal intCLK, and a c hronization with internal clock signal intCLK, and pro- 
buffer circuit 9126 for buffering external clock signal ext- 25 duccs output enablc signal / output buffcr coablc signal \ 
CLK and producing internal clock signal CLKO for reading 0£M b dcla ^ rca{ , cnabk ^ al 0£MF b a riod of 

^ clot * ^S™ 1 ^tCLK and internal clock signal (CAS kt _ 1} clock de(s) 

CLKO for reading are synchronized with each other, and are v / ' „„ . , , . . „„„ ,., 

always generated (if a clock enable signal is not used). O"*^ <" 91 ? lncludes L a E ate **** 910 " 

FIG. 24 shows an example of a structure of an OEMF 30 grates utsyn^m^ 

, - 1 j j • 1 i.j . 1 to take in and latch the internal read data from read circuit 

signal generating circuit included in column-related control nna . . ^ _ „ , 4 4 , ~ • MM _ 

•* u * T7t/~* t mr- >\a *u r\uxxn • 1 908 shown m FIG. 22, and an output buffer circuit 9106 

circuit 9166 shown in FIG. 22. In FIG. 24, the OEMF signal , . . . , ^ ^ • , ■ 

« . i ,* . which is activated when output enable signal OEM is active, 

generating circuit includes a burst length counter 920a , ^ „ . , . . , , w & . t nin 

, . , ^ , . . . 4 , . f i * * • . and externally outputs data DD latched by gate circuit 91w. 

which operates in synchronization with internal clock signal « ,f . . 

intCLK to delay a data read instructing signal /READ by a 35 Gate . Clicmt 910fl mdudes a . tnstatc myc ^J buffer 91 ? flfl 

burst length time, an NAND circuit 9206 which receives wmch 15 activated to mvert internal read data RD when 

data read instructing signal /READ on one of its two inputs, mternal clock signal CLKO is at H-level, an inverter circuit 

and an NAND circuit 920c which receives a reset signal 9 ™ ab ^ ich mverts the out P ut of mverter 

/RST from burst length counter 920a and the output signal buffer 910aa ™ d a PP hes mternal ^ DD to out P ut buffer 

of NAND circuit 9206. NAND circuit 9206 receives the 40 circuit 9106, and an mverter circuit 910ac which mverts and 

output signal of NAND circuit 920c, and generates read transmits output data DD of inverter circuit 910a6 to an 

enable signal OEMF Read instructing signal /READ attains ^P* of mverter drcmt 910 ^ Inverter circuits 910o6 and 

L-level, i.e., the active state for a predetermined period when 910 * c form an mverter latck 

the read command is applied. Burst length counter 920a Output buffer circuit 9106 includes an inverter circuit 

operates in synchronization with internal clock signal 45 910ba inverting data DD, an AND circuit 91066 receiving 

intCLK to shift read instructing signal /READ for the burst output enable signal OEM and data DD, an AND circuit 

length period, and activates reset signal /RST after elapsing 9106c receiving the output signal of inverter 9106a and 

of the burst length period. An operation of the OEMF signal output enable signal OEM, an n-channel MOS transistor 

generating circuit shown in FIG. 24 will be described below 9106d which is turned on to produce output data Dout at a 

with reference to a timing chart of FIG. 25. 50 power supply voltage Vcc level when the output signal of 

When a read command is applied at the rising edge of AND ci™* 910w > » at H-level, and an n-channcl MOS 

external clock signal extCLK, command decoder 914 shown transistor 9106e which is turned on to produce output data 

in FIG. 22 detects this application of the read command in Dout at a & oxmd volta g e vss level me 0X3t ^ signal 

synchronization with internal clock signal intCLK, and of AND circuit 9106c is at H-level. Each of AND circuits 

drives read instructing signal /READ to the active state of 55 9mb and 910bc fa generally formed of an NAND circuit 

L-level for a predetermined pcriod. In response to the and ^ inverter circuit. Now, operations of output control 

activation of read instructing signal /READ, read enable circuit 916c ^ out P ut 910 ^ own m mG - 26 ™& °e 

signal OEMF from NAND circuit 9206 attains the active described below with reference to a timing chart of FIG. 27. 

state of L-level. Reset signal /RST is at H-level, and NAND Internal clock signals intCLK and CLKO are generated in 

circuit 920c receives signals at H-level on both inputs, and 60 synchronization with external clock signal extCLK. 

drives its output signal to L-level. Thereby, read enable Therefore, tristate inverter buffer 910aa of gate circuit 910a 

signal OEMF maintains the active state of H-level even is always repetitively turned on and off, and repetitively 

when read instructing signal /READ rises to H-level. While takes in and latch internal read data RD. 

this read enable signal OEMF is active, selection of the When the read command is applied in clock cycle #0, read 

memory cell column and reading of data from the selected 65 enable signal OEMF attains the active state of H-level in 

memory cell are performed under the control by column- clock cycle #0. The following description will be given on 

related control circuit 9166. the operation which is performed with the CAS latency of 2 
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and burst length of 4. In accordance with activation of read next clock cycle is masked when externally applied mask 

enable signal OEMF, a memory cell is selected and data is instruction DQM becomes active. 

read from the selected memory cell under the control by pjQ^ 30 shows an example of the structure of one-shot 

column-related control circuit 9166 (see FIG. 22). pulse generating circuit 9306 shown in FIG. 29. In FIG. 30, 

In clock cycle #1, internal read data RD is taken into gate 5 one-shot pulse generating circuit 9306 includes an AND 

circuit 910a in response to the rising of internal clock signal circuit 9306a receiving internal clock signal intCLK and 

CLKO, and is latched in response to the falling of internal output signal DQMi from the input buffer, an inversion/ 

clock signal CLKO. Since CAS latency is 2, output enable delay circuit 93066 which inverts the output signal of AND 

signal OEM from (CAS latency-1) clock shifter 916ca is circuit 9306a and delays the same for a predetermined time, 

activated in synchronization with internal clock signal 10 and an AND circuit 9306c which receives the output signal 

intCLK in clock cycle #1. When output enable signal OEM of AND circuit 9306 and the output signal of inversion/delay 

attains the active state of H-level, output buffer circuit 9106 circuit 93066, and outputs signal DQM0F. Signal DQMi 

is activated to attain the output low-impedance state, and from input buffer 930a shown in FIG. 29 is at H-level when 

operates to buffer and output the data applied from gate active. When the mask instruction is applied, the output 

circuit 910a. 15 signal of AND circuit 9306a rises to H-level in response to 

Since the burst length is 4, read enable signal OEMF is the rising of internal clock signal intCLK to H-level, and 

deactivated in clock cycle #4, and the reading operation of signal DQM0F attains the active state of H-level for a 

read circuit 908 (see FIG. 22) is disabled. Meanwhile, predetermined period. 

internal clock signal CLKO is always generated so that the The structure of the one-shot pulse generating circuit 

operation of taking in and latching internal read data RD is 20 shown in FIG. 30 may be replaced with a set/reset flip-flop 

repeated. In clock cycle #4, gate circuit 910a takes in the last which is set when the output signal of AND circuit 9306a is 

burst length data in synchronization with the rising of at H-level, and is reset upon elapsing of a predetermined 

internal clock signal CLKO, for latching in synchronization time. This set/reset flip-flop outputs signal DQM0F. 

with the falling thereof. PIG. 31 shows an example of a structure of latch circuit 

After this last data of data of the burst length is output, 930c shown in FIG. 29. In FIG. 31, latch circuit 930c 

output enable signal OEM is deactivated to attain L-level in includes an inverter 930ca inverting signal DQM0F, an 

clock cycle #5, and output buffer circuit 9106 attains the NAND circuit 930c6 receiving internal clock signal intCLK 

output high-impedance state. Thereby, the data of burst and signal DQM0F, an NAND circuit 930cc receiving the 

length of 4 is successively output in synchronization with ^ output signal of inverter 930ca and internal clock signal 

external clock signal extCLIC intCLK, an NAND circuit 930cd receiving on one of its two 

A region hatched in the timing chart of FIG. 27 is a region inputs the output signal of NAND circuit 930c6, and an 

of invalid data. NAND circuit 930cc receiving the output signals of NAND 

FIG. 28 shows another structure of a synchronous semi- circuits 930cc and 930ca\ The output signal of NAND 

conductor memory device in the prior art. The synchronous 3S circuit 930ce is applied to the other input of NAND circuit 

semiconductor memory device shown in FIG. 28 differs 930ca*. NAND circuit 930co* generates internal mask 

from the synchronous semiconductor memory device shown instructing signal DQM0. 

in FIG. 22 in that the device shown in FIG. 28 has a function In latch circuit 930c shown in FIG. 31, NAND circuits 

of masking the data output of output circuit 910. More 930c6 and 930cc operate as an inverter to pass signal 

specifically, the synchronous semiconductor memory device 40 DQM0F therethrough when internal clock signal intCLK is 

shown in FIG. 28 includes an internal mask instruction at H-level. NAND circuits 930co* and 93©ce form a latch 

signal generating circuit 930, which is responsive to an circuit, and latch the signals applied from NAND circuits 

externally applied data output mask instruction DQM to 930c J* and 930cc. When signal DQM0F becomes active, it 

generate an internal mask instructing signal DQM0 to output is taken into this latch circuit in synchronization with 

control circuit 916c in synchronization with internal clock 45 internal clock signal intCLK, and is kept in the latched state 

signal intCLK. Output control circuit 916c drives output for the current clock cycle. Now, an operation of internal 

enable signal OEM to the inactive state and sets output mask instructing signal generating circuit 930 shown in 

circuit 910 to the high-impedance state, when internal mask FIGS. 29 through 31 will be described below with reference 

instructing signal DQM0 from internal mask instructing to a waveform diagram of FIG. 32. 

signal generating circuit 930 is active and indicates that the 50 In clock cycle #0, externally applied mask instructing 

data output is to be masked. Structures other than the above signal DQM is driven to H-level, and is held at H-level at the 

are the same as those shown in FIG. 22, and the correspond- rising edge of external clock signal extCLK in clock cycle 

ing portions bear the same reference numerals. #1. Internal clock signal intCLK is generated in synchroni- 

FIG. 29 schematically shows a structure of internal mask zation with external clock signal extCLK, and signal 

instructing signal generating circuit 930 shown in FIG. 28. 55 DQM0F from one-shot pulse generating circuit 9306 shown 

In FIG. 29, internal mask instructing signal generating in FIG. 30 attains H-level for a predetermined period in 

circuit 930 includes an input buffer 930a which receives and response to the rising of internal clock signal intCLK. When 

buffers externally applied data mask instruction DQM, a internal clock signal intCLK is at H-level, latch circuit 930c 

one-shot pulse generating circuit 9306 which generates a takes in the applied signal. Therefore, signal DQM0F at 

pulse signal of one shot in response to the rising of internal 60 H-level is taken into latch circuit 930c, and internal mask 

clock signal intCLK when the signal received from input instructing signal DQM0 rises to H-level. While internal 

buffer 930a is active, and a latch circuit 930c which latches clock signal intCLK is at H-level, signal DQM0F holds 

a one-shot pulse signal DQM0F from one-shot pulse gen- H-level. When internal clock signal intCLK fells to L-level, 

erating circuit 9306 in synchronization with internal clock the output signals of NAND circuits 930c6 and 930cc attain 

signal intCLK. 65 H-level and latch circuit 930c attain the latch state. 

In the structure of internal mask instructing signal gen- In clock cycle #2, internal clock signal intCLK rises to 

erating circuit 930 shown in FIG. 29, the data output in the H-level again. If externally supplied mask instruction DQM 
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is low at the time of this rising, signal DQMOF from 
one-shot pulse generating circuit 9306 is at L-level so that 
internal mask instructing signal DQMO from latch circuit 
930c is driven to L-level in synchronization with this rising 
of internal clock signal intCLK. Output enable signal OEM 
is deactivated in accordance with internal mask instructing 
signal DQMO. When the mask instruction is externally 
applied at the rising edge in clock cycle #1, data to be output 
in clock cycle #2 is masked. 

FIG. 33 schematically shows a structure of output control 
circuit 916c shown in FIG. 28. In FIG. 33, output control 
circuit 916c includes a (CAS latency-2) clock shifter 940a 
which delays internal read enable signal OEMF from 
column-related control circuit 916b (see FIG. 28) by (CAS 
latency-2) clock cycle(s), an inverter 9406 inverting internal 
mask instructing signal DQMO, an AND circuit 940c which 
receives the output signals of (CAS latency-2) clock shifter 
940a and inverter 9406, and a one-clock shifter 940d which 
delays the output signal of AND circuit 940c by one clock 
cycle of internal clock signal intCLK Output enable signal 
OEM is generated from one-clock shifter 940rf. 

Each of (CAS latency-2) clock shifter 940a and one- 
clock shifter 940d is a circuit which performs a shifting 
operation in synchronization with internal clock signal 
intCLK, and has the same basic structure as the latch circuit 
shown in FIG. 31. 

The structure of the output circuit is the same as that 
shown in FIG. 26. The output circuit outputs the data in 
synchronization with internal clock signal intCLK when 
output enable signal OEM from one-clock shifter 940d is 
active. 

FIG. 34 is a timing chart showing a data read sequence of 
the synchronous semiconductor memory device shown in 
FIG. 28. FIG. 34 shows the data read operation performed 
with the CAS latency of 2 and the burst length of 4. With the 
CAS latency of 2, (CAS latency-2) clock shifter 940a 
shown in FIG. 33 does not implement the delaying, so that 
read enable signal OEMF and output signal OEMFS of 
(CAS latency-2) clock shifter 940a are generated at the 
same timing. The data read operation of the synchronous 
semiconductor memory device shown in FIG. 28 will be 
described below with reference to FIGS. 28 to 34. 

In dock cycle #0, the read command is applied, in 
accordance with this read command, read enable signal 
OEMF is driven to the active state of H-level in clock cycle 
#0, and is kept active for the burst length period. 
Concurrently, signal OEMFS from (CAS latency-2) clock 
shifter 940a is likewise driven to the active state of H-level. 
In accordance with read enable signal OEMF, selecting the 
column of memory cells and reading the internal data are 
internally performed. 

At the rising edge of clock signal extCLK in clock cycle 
#1, externally applied mask instructing signal DQM is set to 
H-level to provide the instruction for masking the data 
output. In response to this data output mask instruction, 
internal mask instructing signal DQMO rises to H-level for 
one clock cycle period in clock cycle #1, and the output 
signal of inverter 9406 shown in FIG. 33 attains L-level. 
Output enable signal OEM becomes active in clock cycle #1. 
Even if internal mask instructing signal DQMO is activated, 
this signal is applied to one-clock shifter 940d* shown in FIG. 
33 so that output enable signal OEM keeps the active state 
in clock cycle #1. Thereby, the output circuit produces and 
externally outputs internal read data DD in accordance with 
read data RD which is internally read by the read circuit. 

In clock cycle #2, output enable signal OEM from one- 
clock shifter 940d shown in FIG. 33 attains the inactive state 
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of L-Ievel for one clock cycle period in accordance with 
internal mask instructing signal DQMO so that the output 
circuit attains the output high-impedance ,state. Although 
internal read data RD is transferred in the output circuit, it 

5 is not externally output, and the data output is masked. 
Data output mask instruction DQM is activated only at the 
rising edge of external clock signal extCLK in clock cycle 
#1. In clock cycles #2, #3 and #4, therefore, internal mask 
instructing signal DQMO becomes inactive again so that, in 

10 clock cycles #3 and #4, output enable signal OEM attains the 
active state of H-level again, and the output circuit produces 
and externally outputs internal read data DD in accordance 
with internal read data RD. 
As shown in FIG. 34, data output mask instruction DQM 

1S is activated in clock cycle #1 so that data output in the 
second clock cycle can be masked. Thereby, the external 
processor can take in only necessary data. 

In the structures of the output control circuit and output 

2fl circuit shown in FIG. 26, invalid data is output as can be 
seen from Dout2 in FIG. 27, if internal data DD from the 
gate circuit is not definite, i.e., if setup time tS of internal 
data DD with respect to output enable signal OEM is 
insufficient when output enable signal OEM changes from 

25 L-level to H-level. If setup time tS of internal data DD with 
respect to the rising of output enable signal OEM is suffi- 
ciently long and internal data DD is already definite at the 
time of activation of output enable signal OEM, invalid data 
is not output as the leading data, as can be seen from output 

^ data Doutl in FIG. 27. 

When output enable signal OEM is deactivated and 
changes from H-level to L-level, internal data DD must hold 
the fixed state. Thus, invalid data would be contained in 
output data Doutl as shown in FIG. 27, if hold time tH of 

35 internal data DD with respect to the deactivation of output 
enable signal OEM is short If hold time tH is sufficiently 
long, invalid data is not output as can be seen from output 
data Dout2 in FIG. 27. 

Internal data DD is taken into the output circuit in 

40 synchronization with internal clock signal CLKO, and out- 
put enable signal OEM is also changes in synchronization 
with internal clock signal intCLK. These internal clock 
signals CLKO and intCLK are produced from external clock 
signal extCLK, and are synchronized with each other. 

45 Therefore, these output enable signal OEM and internal data 
DD change substantially at the same timings so that it is 
difficult to increase sufficiently both setup time tS and hold 
time tH. Therefore, the timings for generating internal data 
DD and output enable signal OEM are entirely shifted from 

50 each other. As a result, output enable signal OEM merely 
shifts forward or back with respect to internal data DD and, 
therefore, either setup time tS or hold time tH decreases so 
that output data Doutl or Dout2 shown in FIG. 27 is 
obtained as the output data, and it is difficult to eliminate the 

55 invalid data. 

If this invalid data satisfies specification values relating to 
the setup and hold times of output data Dout with respect to 
external clock signal extCLK as well as the access time (i.e., 
time from application of the read command to reading of 

60 valid data), no problem substantially arises because this 
invalid data is not sampled in the data processing, and valid 
data is correctly sampled. If the invalid data is output, 
however, output data Dout changes in a short period so that 
power supply noises occurs in the output circuit, and may 

65 cause a malfunction. Particularly, if the power supply noises 
occur on the system power supply, an operation power 
supply voltage changes in a processor sampling the data, 
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resulting in malfunctions (e.g., failure in determination of apparent from the following detailed description of the 

high/low levels, and a malfunction of a circuit due to present invention when taken in conjunction with the 

deviation of input and output timings of data from each accompanying drawings, 
other). Therefore, data processing cannot be performed 

accurately, and it is impossible to construct the system which 5 BRIEF DESCRIPTION OF THE DRAWINGS 

can operate accurately If such invalid data occurs, it is mQ x schematicaU ^ a whole stnJcture of a ^ 

necessary to determine me access time in consideration of a conductor m ^ ^ ^ an embodimenl x of 

margin for the invalid data, resulting m a problem that the ^ invention* 

access time cannot be reduced. ' 

TCa . ^ A .i-^i. • t-i-o jr. in FIG. 2A shows an example of a structure of a clock input 

If the output control circuit shown in FIG. 33 is used for 1U , . . rjr ^ i *\ 

» ^_ . i_ i i * j * . * ii , buffer shown in FIG. 1, and 
data output, problems related to output enable signal OLM 

arise due to the setup and hold times for the leading data and mG 2B 1S a waveform diagram representing an 

the last burst data, as already discussed with reference to operation of the circuit shown m FIG. 2A; 

FIG. 27, as well as due to the data mask. FIG. 3A shows another example of a structure of the clock 

As shown in FIG. 31, internal data mask instructing signal 1S input buffer shown in FIG. 1, and 

DQMO changes in synchronization with internal clock signal FIG. 3B shows an operation waveform thereof; 

intCLJC Therefore, output enable signal OEM also changes FIG. 4A shows still another structure of the clock input 

in synchronization with internal clock signal intCLK. buffer show in FIG. 1, and 

Therefore, a problem arises in the setup and hold times with mG 4B shows m opera tion waveform thereof; 

respect to deactivation and activation of the output enable ™„ _ , ♦win. u „ ~t ~ ;„ ^ 

. r , t , _ j i » * FIG. 5 schematically shows a structure of a main portion 

signal at the tune when the data mask instruction is applied. - ■ j _* j * *u 

fa ot the semiconductor memory device according to the 

As shown in FIG. 34, if hold time tH of internal data embodiment 1 of the invention; 

DD(0)^ short ^0. 6 schematically shows a structure of a (CAS 

signalOEMinciockcyc^ 25 late 2) clock ^ m / shown ^ mG . 5; 

of data output masking (output data Doutl). If setup time tS ' \ 

of third data DD(2) is short at the time of activation of output FIG. 7 is a signal waveform diagram representing an 

enable signal OEM in clock cycle #3, invalid data is likewise operation of the circuit shown m FIG. 6; 

output as can be seen from output data Dout2 in FIG. 34. FIG. 8A shows an example of a structure of a one-clock 

Therefore, the invalid data is output when the data output is ^ shifter in FIGS. 5 and 6, and 

to be masked, and a malfunctions occurs in circuits due to FIG. 8B is a timing chart representing an operation 

power supply noises and others. thereof; 

SUMMARY OF THE INVENTION *{* " " 

An object of the invention is to provide a synchronous 35 FIG. 10 schematically shows a structure of a main portion 

semiconductor memory device including an output circuit of a semiconductor memory device according to an embodi- 

which can reliably prevent output of invalid data. ment 2 of the invention; 

Another object of the invention is to provide an output FIG. 11 is a timing chart representing an operation of the 

control circuit which can sufficiently ensure a setup time and circuit shown in FIG. 10; 

a hold time of internal data with respect to an output enable 40 FIG. 12 schematically shows a structure of a main portion 

signal. of a semiconductor memory device according to an embodi- 

In summary, a semiconductor memory device according ment 3 of the invention; 

to the invention has a structure for transmitting only valid fjg. 13 is a timing chart representing an operation of the 

data to an output buffer circuit. Thus, a gate circuit trans- ^ circuit shown in FIG. 12; 

mitting internal read data to the output buffer circuit is p, G u ^ a ^ mcXw of a main 

turned on only for a necessary period. of ft semiconductor me mory device according to an embodi- 

More specifically, a semiconductor memory device ment 4 of the invention; 

according to the invention includes a plurality of memory Ha 15 ^ a timing ^ representing an operation of the 

cells, a gate circuit for passing therethrough data of a 50 circuit m nG 14; 

selected memory cell among the plurality of memory cells io ^„ . . „ \ . . . 

. , , J ^ f . f . 4f ' ^. FIG. 16 schematically shows a structure of a main portion 

a data read mode, an output circuit for externally outpumng - , _ J , . j- * . 

4l _ j . i • j c * * , , \ r . . . of a semiconductor memory device according to an embodi- 
the data applied from the gate circuit when data output is 

t_, . j . „ * i • .^e i • , . ment 5 ot the invention; 

enabled, and an output control circuit for making conductive * 

the gate circuit in synchronization with a clock signal. The 5S . mG 17 fe a timing chart representing an operaUon of the 

output control circuit includes means for making non- circuit shown in FIG. 16; 

conductive the gate circuit independently of the clock signal FIG. 18 schematically shows a structure of a main portion 

in response to disabling of the data output. of a semiconductor memory device according to an embodi- 

In the data output disabled state, i.e., when output of data ment 6 of me invention; 

from the output circuit is disabled, the gate circuit for 60 FJG 19 is a t i m i n g chart representing an operation of the 

transmitting the read data to the output circuit is turned off circuit shown in FIG. 18; 

independently of the clock signal to prohibit transmission of FIG. 20 schematically shows a structure of a circuit for 

the data. Thereby, only the data to be output is transmitted achieving the latch shown in the operation waveform dia- 

to the output circuit, and external output of invalid data can gram of FIG. 19; 

be prevented. 65 FIG. 21 is a timing chart representing a data read opera- 

The foregoing and other objects, features, aspects and tion of a synchronous semiconductor memory device in the 

advantages of the present invention will become more prior art; 
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FIG. 22 schematically shows a whole structure of the read circuit 908. OEMF signal generating circuit 920 has the 

synchronous semiconductor memory device in the prior art; same structure as that shown in FIG. 24. 

FIG. 23 schematically shows a structure of a clock buffer The synchronous semiconductor memory device further 

shown in FIG. 22* includes a data output control circuit 1, which receives 

nr ' „ , , - 5 signal OEMF from OEMF signal generating circuit 920 and 

FIG. 24 schematically shows a structure of a portion * „ , . « . /\ . . . °.. , 

. i_ • T-t-n »<* externally supplied data output mask instruction UQM, and 

generating a signal OEMF shown in FIG. 22; , ■ * i i i , • 4rT c j * *_ . j 

& & > produces internal clock signal intCLKO for data output and 

FIG. 25 is a timing chart showing an operation of the output enable signal 0EM Data output control circuit 1 

circuit shown in FIG. 24; applies output enable signal (output buffer enable signal) 

FIG. 26 schematically shows a structure of an output jq OEM to output buffer 910i> included in output circuit 910, 

control circuit and an output circuit shown in FIG. 22; and applied internal clock signal intCLKO for output to gate 

FIG. 27 is a timing chart representing an operation of the circuit 910a. 

circuit shown in FIG. 26; Data output control circuit 1 turns off gate circuit 910a to 

FIG. 28 schematically shows another structure of the prohibit internal read data RD received from read circuit 908 

semiconductor memory device in the prior art; 15 from bein g transmitted to output buffer 9106 when the data 

FIG. 29 schematically shows a structure of an internal ™£ ut » maskcd ' and when the state of output enable signal 

mask instructing signal generating circuit shown in FIG. 28; 0EM , ^f 5 mt0 * c *^ hXtd f**'™*? ° UtpUt C ° able 

° r , signal OEM is active, gate circuit 910a is driven to the on 

FIG. 30 shows an example of a structure of a one-shot state at a ^ eaflier ^ the activation of output buffer 

pulse generating circuit shown in FIG. 29; 2Q cifcuit 9Wb exteraal output of invalid data due to 

FIG. 31 schematically shows a structure of a latch circuit transmission of unnecessary data is prevented, as will be 

shown in FIG. 29; described later. Structures of various portions will now be 

FIG. 32 is a timing chart representing an operation of the described below, 

circuits shown in FIGS. 29 to 31; [Clock Input Buffer] 

FIG. 33 schematically shows a structure of the output 25 FIG. 2A shows an example of a structure of clock input 

control circuit shown in FIG. 28; and buffer 2 shown in FIG. 1. In FIG. 2A, clock input buffer 2 

FIG. 34 is a timing chart representing a data read opera- a ^j^^f fa receiving exte mally suppUed 

tion of the semiconductor memory device shown in FIG. 28. clock sl S nal extCL * k and clock ™ M& *™ ^ A 

an inverter circuit 2b inverting the output signal of NAND 

DESCRIPTION OF THE PREFERRED 30 cu ~ cu il 2a and producing internal clock signal intCLK. Clock 

EMBODIMENTS enable signal ENABLE may be either an externally applied 

clock enable signal or a signal which is internally generated 

Embodiment 1 when a specific operation mode (e.g., power-down mode) is 

designated. 

FIG. 1 schematically shows a structure of a data read 35 fn me stnicturc of dock input buffer 2 shown in FIG. 2A, 

portion of a synchronous semiconductor memory device when clock raablc signal ENABLE is at L-level and 

according to an embodiment 1 of the invention. Similarly to mactivC) me outmit of NAND circuit 2a is fixed to 

the pnor art, the synchronous semiconductor memory device H-level, and internal clock signal intCLK is fixed to L-level, 

shown in FIG. 1 includes a memory cell array 900, a column ^ shown m nG . 2 B. Therefore, the internal circuits do not 

select circuit 906 for selecting an addressed column in m sta rt new operations, and mamtain the last states while clock 

memory cell array 900, a read circuit 908 for reading data of eaable sigaal enable is inactive. Thus, internal circuits do 

a memory cell selected by column select circuit 906, and an not operate> and charging and discharging of signal lines are 

output circuit 910 for externally outoutting, as output data not vatumd ^ mat a current consumption is reduced. 

Dout, internal read data RD from read circuit 908. Similarly the synchronous semiconductor memory device is in 

to the structure shown in FIG. 26, output circuit 910 includes 4S a mode such ^ a power-down mode or a sleep mode, and is 

a gate circuit 910a which is turned on to produce internal kept on for a ^ time> dock enable ^gnal 

data DD from internal read data RD in response to a clock ENABLE is kept inactive for reducing the current consump- 

signal, and an output buffer 910£> which buffers internal data ^ on 

DD to produce output data Dout. ^ eo clock enable sigDal ENABLE rises to H-level, 

The synchronous semiconductor memory device further 50 NAND circuit 2a operates as an inverter, and internal clock 

includes a clock input buffer 2 which receives external clock signal intCLK is produced according to external clock signal 

signal extCLK and produces internal clock signal intCLK extCLK. [Clock Input Buffer 2] 

synchronized with external clock signal extCLK, a com- FIG. 3A shows another structure of the clock input buffer 

mand decoder 914 which receives externally supplied con- shown in FIG. 1. In FIG. 3A, clock input buffer 2 includes 

trol signals /RAS, /CAS and /WE, and determines logical 55 an inversion/delay circuit 2c for delaying external clock 

states of these control signals at the rising edge of internal signal extCLK by a predetermined time and inverting the 

clock signal intCLK to identify the applied command, and a same, a NAND circuit 2d receiving external clock signal 

column-related control circuit 916b which controls the col- extCLK and the output signal of inversion/delay circuit 2c, 

umn selecting operation in accordance with internal read and an inverter 2e which inverts the output signal of NAND 

instructing signal /READ from command decoder 914. 60 circuit 2d and produces internal clock signal intCLK. The 

The column-related control circuit 916b includes an inversion/delay circuit 2c has the delay time shorter than a 

OEMF signal generating circuit 920 for generating a signal period for which external clock signal extCLK is at H-level. 

OEMF, which becomes active for a burst length period, in As shown in a waveform diagram of FIG. 3B, when 

accordance with internal read instructing signal /READ external clock signal extCLK rises to H-level, the output 

from command decoder 914, and a select/read control circuit 65 signal of inversion/delay circuit 2c is still at H-level in clock 

921 which is activated in response to activation of signal input buffer 2 shown in FIG. 3A, and the output signal of 

OEMF, to control operation of column select circuit 906 and NAND circuit 2d attains L-level so that inverter circuit 2e 
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drives internal clock signal intCLK to H-level. When the circuit lc, a one-clock shifter le which delays the output 

delay time of inversion/delay circuit 2c elapses, the output signal of AND circuit Id by a period equal to one clock cycle 

signal of inversion/delay circuit 2c lowers to L-level so that of internal clock signal intCLK, a control logic gate If which 

the output signal of NAND circuit 2d attains H-level, and controls on/off of gate circuit 910a in accordance with 

internal clock signal intCLK attains L-leveL 5 output enable signal OEM from one-clock shifter le and 

In the structure of clock input buffer 2 shown in FIG. 3, internal clock signal intCLK, and a delay circuit lg which 

internal clock signal intCLK is formed of a signal synchro- delays output enable signal OEM from one-clock shifter le 

nized with external clock signal extCLK and having a by a predetermined time for application to output buffer 

constant pulse width. Accordingly, even the pulse width of circuit 9106. 

external clock signal extCLK varies due to an influence of 10 Internal mask instructing signal generating circuit la has 

noises, internal clock signal intCLK has a constant pulse the same structure as the internal mask instructing signal 

width, and circuits which operate in synchronization with generating circuit shown in FIGS. 29 to 31, and activates 

internal clock signal. intCLK can operate accurately without internal mask instructing signal DQMO for one clock cycle 

an influence of noises on external clock signal extCLK. period in synchronization with internal clock signal intCLK 

[Clock Input Buffer 3] is when externally applied data output mask instruction DQM 

FI G . 4A shows another structure of the clock input buffer. is active . 

In FIG. 4A, clock input buffer 2 has an inversion/delay AND circuit Id includes a NAND gate receiving the 

circuit 2/ which is formed of odd number of stages of output signal of inverter circuit lc and output signal OEMFS 

inverters for delaying external clock signal extCLK by a of (CAS latency-2) clock shifter 1£>, and an inverter receiv- 

predctermined time and inverting the same, a NAND circuit 20 ing the output signal of this NAND circuit. 

2g which receives clock enable signal ENABLE, external Control logic gate If includes a NAND gate receiving 

clock signal extCLK and the output signal of inversion/delay internal clock signal intCLK and output enable signal OEM, 

circuit 2f y and an inverter circuit 2h which inverts the output and an inverter receiving the output signal of this NAND 

signal of NAND circuit 2g to produce internal clock signal gate, and produces and outputs internal clock signals CLKO 

intCLK. Inverting and delaying circuit 2/ has the delay time 25 and /CLKO which are complementary to each other. Control 

shorter than a period during which external clock signal logic gate If enables a tristate inverter buffer 910oa included 

extCLK is at H-level. in gate circuit 910a to take in data RD from the read circuit 

In the structure of the clock input buffer shown in FIG. and apply the same to output buffer circuit 9106, when 

4A, when clock enable signal ENABLE is at L-level, the internal clock signal intCLK and output enable signal OEM 

output signal of NAND circuit 2g is fixed to H-level, and 30 are at H-level enabling the data output, 

internal clock signal intCLK is fixed to L-level, as shown in FIG. 6 schematically shows a structure of (CAS latency- 

an operation waveform diagram of FIG. 4B. In this state, the 2) clock shifter lb shown in FIG. 5. In FIG. 6, (CAS 

internal circuits stop the operation. latency-2) clock shifter lb includes a one-clock shifter Iba 

When clock enable signal ENABLE rises to H-level, which delays read enable signal OEMF by one clock cycle 

internal clock signal intCLK rises to H-level in synchro ni- 35 period in synchronization with internal clock signal intCLK, 

zation with the rising of external clock signal extCLK, a one-clock shifter lbb which delays the output signal of 

similarly to the clock input buffer shown in FIG. 3 A. When one-clock shifter lba by one clock cycle period in synchro- 

the delay time of inversion/delay circuit 2/ elapses, internal nization with internal clock signal intCLK, a tristate buffer 

clock signal intCLK lowers to L-level. In the structure of the 16c which passes the output signal of one-clock shifter lbb 

clock input buffer shown in FIG. 4A, therefore, the operation 40 therethrough when signals CL4 and /CL4 indicating that the 

of internal circuits likewise stop in accordance with clock CAS latency is 4 are active, a tristate buffer Ibd which 

enable signal ENABLE to reduce the current consumption. passes the output signal of one -clock shifter lba there- 

Since the internal clock signal intCLK having a constant through when signals CL3 and /CL3 indicating that the CAS 

pulse width is generated, the operation timing of the internal latency is 3 are active, a tristate buffer Ibe which passes the 

circuits can be made constant 45 read enable signal OEMF therethrough when signals CL2 

Any of the structures of clock input buffers shown in and /CL2 indicating that the CAS latency is 2 are active, and 

FIGS. 2A, 3A and 4A may be employed. Alternatively, a an inverter lbf which commonly receives and inverts the 

buffer circuit which merely buffers external clock signal output signals of tristate buffers \bc y lbd and lbe to produce 

extCLK may be used, as is done in the prior art. signal OEMFS. 

[Structure 1 of Data Output Control Circuit] 50 FIG. 7 is a timing chart representing an operation of (CAS 

FIG. 5 schematically shows a structure of data output latency-2) clock shifter lb shown in FIG. 6. The operation 

control circuit 1 and output circuit 910 shown in FIG. 1. of (CAS latency-2) clock shifter shown in FIG. 6 will now 

Gate circuit 910a and output buffer circuit 910b of output be described below with reference to FIGS. 6 and 7. 

circuit 910 have the same structures as those of the conven- When the read command is applied, read enable signal 

tional output circuit shown in FIG. 26. Corresponding 55 OEMF attains H-level in the same clock cycle of the external 

portions bear the same reference numerals, and will not be clock signal as that of application of this command (Le., 

described below. clock cycle #0 of internal clock signal intCLK) and is kept 

In FIG. 5, data output control circuit 1 includes an internal high for the burst length period. According to the operation 

mask instructing signal generating circuit la which produces shown by way of example in FIG. 7, the burst length is 4, 

internal mask instructing signal DQMO in accordance with 60 read enable signal OEMF is at H-level and active for a 

externally applied data output mask instruction DQM, a period equal to four clock cycles, and read enable signal 

(CAS latency-2) clock shifter lb which delays read enable OEMF attains the inactive state of L-level in cycle #4 of 

signal OEMF from OEMF signal generating circuit shown internal clock signal intCLK. 

in FIG. 1 by (CAS latency-2) clock cyde(s), inverter circuit When CAS latency (CL) is 2, tristate buffer lbe (see FIG. 

lc inverting internal mask instructing signal DQMO, an 65 6) operates, and remaining tristate buffers lbe and lbd are 

AND circuit Id which receives the output signal of (CAS kept at the output high-impedance state. When the CAS 

latency-2) clock shifter lb and the output signal of inverter latency is 2, therefore, read enable signal OEMF is selected 
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by tristate buffer lbe and inverter lbf, and becomes high or state of output signal OUT does not change. Therefore, 

active for the burst length period starting from clock cycle NAND circuits lxb, lxc, lxd and lxf implement the delay 

#0 of internal clock signal intCLK. circuit having a delay time of half the clock cycle. 

When CAS latency is 3 (CL=3), tristate buffer Ibd When internal clock signal intCLK rises to H-level in 

operates, and remaining tristate buffers lbc and lbe are at 5 clock cycle #b, NAND circuits Leg and lxh operate as an 

the output high-impedance state. Therefore, the output sig- inverter and pass signal 4>A therethrough so that output 

nal of one-clock shifter Iba is selected and signal OEMFS signal OUT changes. This operation is repeated, and output 

is output. Therefore, signal OEMFS attains the active state signal OUT maintains H-level while input signal IN is at 

of H-level at clock cycle #lof internal clock signal intCLK, H-level. 

and attains the inactive state of L-level in clock cycle #5. 10 When input signal IN lowers to L-level in clock cycle #C, 

When CAS latency is 4 (CL«4), tristate buffer lbc this input signal IN is transmitted in response to the falling 

operates, and tristate buffers Ibd and lbe attain the output of internal clock signal intCLK in clock cycle #c, and the 

high-impedance state. Therefore, the signal passed through state of internal signal <|>A changes. Internal clock signal 

one-clock shifters 16a and lbb is selected, and signal intCLK is at L-level, and the state of output signal OUT does 

OEMFS is output. Thus, signal OEMFS which is delayed by 15 not change. When internal clock signal intCLK rises to 

two clock cycles behind read enable signal OEMF is pro- H-level in clock cycle #d, signal $A is transmitted through 

duced when CAS latency is 4. NAND circuit lxg, and the output signal OUT changes. 

Signal OEMFS is high and active for a period from cycle Therefore, signal OUT produced by delaying input signal IN 

#2 to cycle #6 of the internal clock signal. By adjusting the by a period equal to one clock cycle of internal clock signal 

shift period (delay period) of the read enable signal with 20 intCLK can be obtained by the shift operation, 

tristate inverter buffers lbc, Ibd and lbe, the activation Then, the operations of the data output control circuit and 

timing of signal OEMFS can be adjusted in accordance with the output circuit shown in FIG. 5 will be described below 

the CAS latency, and a single semiconductor memory device with reference to a timing chart of FIG. 9. FIG. 9 represents 

can cope with a plurality of CAS latencies. a data read operation performed with the CAS latency of 2 

FIG. 8A shows structures of one-clock shifters lba and 25 and the burst length of 4. Internal clock signal intCLK is 

lbb shown in FIG. 6 as well as one-clock shifter le shown produced in the form of one-shot pulse in accordance with 

in FIG. 5. In FIG. 8A, these one-clock shifters have a external clock signal extCLK (by using the clock input 

common structure and are commonly shown and, for this buffer shown in FIG. 3A or 4A). 

purpose, the input and output signals are indicated by the The read command is applied in cycle #0 of external clock 
symbols IN and OUT, respectively. In FIG. 8 A, the one- 30 signal extCLK. In accordance with this read command, read 
clock shifter includes an inverter lxa for inverting input enable signal OEMF is driven to the active state in synchro- 
signal IN, a NAND circuit lxb receiving internal clock nization with the rising of internal clock signal intCLK in 
signal intCLK through inverter lxa and input signal IN, a clock cycle #0. Since the CAS latency is 2, signal OEMFS 
NAND circuit lxc receiving internal clock signal /intCLK from (CAS latency-2) clock shifter lb is driven to the active 
from inverter lxa and the output signal of inverter lxa, a 35 state simultaneously with read enable signal OEMF. In 
NAND circuit lxb receiving on one of its two inputs the accordance with read enable signal OEMF, column selection 
output signal of inverter lxb, and a NAND circuit lxf is performed in the memory cell array under the control by 
receiving the output signal of NAND circuit lxc and output select/read control circuit 921 shown in FIG. 1, and a 
signal $A of NAND circuit lxd. The output signal of NAND selected memory cell data is applied to read circuit 908. This 
circuit lxf is applied to the other input of NAND circuit Ixd. 40 read data RD is made definite at a latter half of clock cycle 
NAND circuits lxd and lxf form a flip-flop. #0. 

The one-clock shifter further includes a NAND circuit At the rising edge of external clock signal extCLK in 

lxg receiving internal clock signal intCLK and output signal clock cycle #1, externally applied data output mask instruc- 

4>A of NAND circuit lxd, a NAND circuit Ixh receiving tion DQM is activated to attain H-level so that internal mask 

internal clock signal intCLK and the output signal of NAND 45 instructing signal DQM0 becomes active for one clock cycle 

circuit lxf, a NAND circuit Ixi receiving on one of two its period starring from clock cycle #1. Internal data mask 

inputs the output signal of NAND circuit lxg, and a NAND instructing signal DQM0 changes in synchronization with 

circuit lxj receiving the output signals of NAND circuits lxh internal clock signal intCLK (see FIGS. 29-31). 

and La. The output signal of NAND circuit lxj is applied to In clock cycle #1 , read data RD is already defined. Control 

the other input of NAND circuit lxi. NAND circuit lxi 50 logic gate 1/ (see FIG. 5) holds clock signal CLKO for 

generates output signal OUT. Now, the operation of the reading at the inactive state of L-level, because output 

one-clock shifter shown in FIG. 8 A will be described below enable signal OEM is at L-level or inactive. When output 

,with reference to a timing chart of FIG. 8B. enable signal OEM rises to H-level in clock cycle #1, clock 

In clock cycle #a, input signal IN rises to H-level. At this signal CLKO for reading is driven to H-level in accordance 

time, internal clock signal /intCLK is at L-level, and the 55 with internal dock signal intCLK and output enable signal 

output signals of NAND circuits lxb and lxc are fixed at OEM so that gate circuit 910a is turned on, and read data RD 

H-level so that the state of signal <t»A does not change. is transmitted to output buffer circuit 9106. Output enable 

Therefore, output signal OUT does not change its state, and signal OEM is driven to the active state of H-level in 

maintains L-level. synchronization with internal clock signal intCLK. 

When internal clock signal intCLK falls to Uevel in this 60 Therefore, read data RD which is definite can be reliably 

clock cycle #a, complementary internal clock signal transmitted to output buffer circuit 9106. 

/intCLK rises to H-level. Thereby, NAND circuits lxb and Output enable signal OEM is applied to output buffer 

lxc operate as inverters, respectively, and input signal IN is circuit 9106 through delay circuit lg. Therefore, output 

applied to NAND circuit lxd through NAND circuit lxb so buffer circuit 9106 is enabled in accordance with delayed 

that the state of signal 4>A changes. At this time, internal 65 output enable signal OEMD, to buffer internal data DD for 

clock signal intCLK is at L-level, the output signals of producing external read data Dout. Therefore, as can be seen 

NAND circuits lxg and lxh are fixed at H-level, and the from output data Doutl shown in FIG. 9, if the delay time 
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of delayed output enable signal OEMD to output enable circuit is controlled. Thereby, the setup time of the internal 
signal OEM is sufficiently long, the setup time of internal data with respect to enabling of the output buffer circuit can 
data DD with respect to delay output enable signal OEMD be made sufficiently long. Therefore, it is possible to pro- 
can be sufficiently long so that it is possible to prevent output duce the internal data having the long setup time and the 
of invalid data. 5 long hold time so that output of invalid data can be reliably 

In accordance with external mask instruction DQM in prevented, 

clock cycle #1, output enable signal OEM is driven to the Thereby, generation of power supply noises due to invalid 

inactive state of L-level in clock cycle #2. Thereby, internal data can be suppressed, and it is possible to prevent a 

clock signal CLKO for data output in clock cycle #2 malfunction at the circuitry such as a processor or a logic 

maintains the inactive state (L-level), and gate circuit 910a 10 unit, which may be caused by a variation in system power 

maintains the off state. In this clock cycle #2, gate circuit supply. Therefore, it is possible to improve an operation 

910a continues output of read data RD(0) which was taken margin of the whole system, because the operation margin 

in clock cycle #1, and hold time tH of internal data DD with must be determined in view of the margin with respect to 

respect to delayed output enable signal OEMD is extended noises, 

to the time of change of internal data DD in next clock cycle is 

#3. Accordingly, the hold time can be sufficiently long, and Embodiment 2 

output of invalid data at the time of change of output enable p] G . 10 shows a main p0ftion of a semiconductor memory 

signal OEM is prevented. • device accor ding to an embodiment 2 of the invention. FIG. 

Id clock cycle #3, output enable signal OEM is activated 10 shows structures of data output control circuit X and 
again. In response to the activation of output enable signal 20 output circuit 910 similarly to the foregoing embodiment 1 
OEM, clock signal CLKO for output rises to H-level again, (see mQ 5)j data output x internal 
and gate circuit 910a is turned on to transmit data RD, which mask 1^^^ sig na i generating circuit la, (CAS latency- 
is applied from the read circuit, to output buffer circuit 910b 2 ) clock shifter lb, inverter lc for inverting internal mask 
as internal data DD. In this case, output enable signal OEM instructing signal DQMO from internal mask instructing 
is synchronized with clock signal CUCO for output, as is 25 signal genera ting circuit 1a, AND circuit Id receiving the 
done in clock cycle #1, and the setup time of internal data output signals of mverter lc and ( CAS latency-2) clock 
DD with respect to the rising of delayed output enable signal shifter lb a haif-dcx* shifter lea which shifts the output 
OEMD is sufficiently increased by delay circuit Ig so that signal ofAND circuit ld m acC ordance with complementary 
output of invalid data can be prevented. clock signal /intCLK, a half-clock shifter lea which shifts an 

Data which is the last in the burst length is output in 30 oulput sigQal QEMFS2 of half-clock shifter lea in accor- 

subsequent clock cycle #4, and output enable signal OEM dance ^ mtemal clock signal intCLK, and a control logic 

falls to L-level in clock cycle #5. In response to the falling gate u wmch g enera tes internal clock signals CLKO and 

of output enable signal OEM to LJevel, internal clock signal /CLK 0 for output to gate circuit 910a in accordance with 

CLKO maintains L-level, and gate circuit 910a continues output signal OEMF2D of half-clock shifter lea and internal 

output of the data which was taken in and latched in clock 35 c \ oc ^ signal intCLK. 

cycle #4. Therefore, a sufficiently long hold time can be set „ , c . . c , , U . G ^ * , . . tU 

/ 1 ^rx/-^ . ■ v - , \ * Tt_ t_ + 1 4 l Each of half-clock shifters lea and leb corresponds to the 

for data DD 3) which is the last in the burst length with shown in FIG. 8A. Therefore, half-clock 

respect to delayed oufeut enable signal OEMD, and output lea andlrf, are equivalent to the half-clock shifters, 

of invalid data can likewise be prevented in this case. . , , . ? ... . . ^ . . 

c j * t * . 1 • * u * which are prepared by dividing one-clock shifter le in the 

In the structure of data output control circuit shown in 40 , \ f . . f * ♦ r *u ♦ *u 

_ . . . . ~ T f . . . * j 1 embodiment 1 into two substages, except for that they 

FIG. 5, clock signal CLKO for output is generated only , . 4 , , . . , ^r^X e _ . . 

t T, - , ♦ixi , a *iL produce mternal clock signal CLKO for output by using a 

when output enable signal OEM is at H-level, and the *\ . _ . U1 / , rwi** u 

^ r 1 1 * t r^w va * ^ * * * a u signal OEMFS2 preceding output enable signal OEM by 

generation of clock signal CLKO for output is stopped when J^TL , , f 04 "f 4 , .u u *u 

fx. a . * . * 1 a a u *u u . a ♦ * a~a naif the clock cycle. Structures other than the above are the 

the data output is masked and when the burst data is ended. . J . . K _ . 1 ,^ vin « rv,*™,* 

f / . . r * * li • * 1 a a * on* same as those in the embodiment 1 (see FIG. 5). Output 

Therefore, transmission of instable mternal read data RD to 45 . nift . . . . . . A - * \ r> * 

_ . ' . . ._ 4 , , , , r , , circuit 910 is similar to that m the embodiment 1. Corre- 

output buffer circuit as mternal data DD can be reliably ^. , . c , , 

* j a i> u ** *u *u ^ * *~ * ^. / sponding portions bear the same reference numerals, and 

P - re TncNf ?L a k T f , m wiU not be described below. 

signal OEM can be made sufficiently long. n % , 

If the delay time of gate circuit 910a is relatively short, the Operations of the output control arcuit and output circuit 

setup time of internal data DD with respect to output enable 50 shown in FIG. 10 win be described below with reference to 

signal OEM is short, and invalid data may be output (see a of U * ™; ^ shows the data read 

output data Dout2 in FIG. 9). However, by using delay operation performed with the CAS latency of 2 and the burst 

circuit lg for generating delayed output enable signal length of 4. 

OEMD to the output buffer circuit, setup time tS can be A read command is applied in clock cycle #0 of external 

sufficiently increased, and generation of invalid data can be 55 clock signal extCLK. In accordance with this read 

reliably suppressed. command, read enable signal OEMF attains the active state 

According to the embodiment 1 of this embodiment, as of H-level. Since the CAS latency is 2, signal OEMFS from 

described above, the gate circuit is turned on in synchroni- (CAS latency 2) clock shifter lb rises to H-level in clock 

zation with the internal clock signal only when the output cycle #0. In this clock cycle #0, external mask instructing 

enable signal is active, and the internal data is latched into 60 signal DQM is at L-level so that signal OEMFS2 from gate 

the gate circuit and is transmitted to the output buffer circuit circuit ld rises to H-level in response to the rising of signal 

Therefore, the hold time of the internal data with respect to OEMFS. 

the output enable signal can be made sufficiently long, and Then, half-clock shifter lea takes in output signal 

it is possible to reliably prevent the output of invalid data at OEMFS2 of gate circuit ld in synchronization with falling 

the time when the output buffer circuit attains the output 65 of internal clock signal intCLK, and drives signal 

high-impedance state. By using the delayed signal of this OEMFS2D to H-level. In clock cycle #0, selection of the 

output enable signal, enable/disable of the output buffer memory cell column and reading of data from the selected 
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memory cell are internally performed, and read data RD is Id clock cycle #3, when internal clock signal intCLK rises 

made definite in the latter half of clock cycle #0. Although to H-level, internal clock signal intCLKO for output rises to 

signal OEMFS2D attains H-level, internal clock signal H-level, because signal OEMFS2D is at H-level. Thereby, 

intCLK is at L-level. Therefore, clock signal CLKO for ga te circuit 910a is turned on to transmit internal read data 

output holds the L-level in clock cycle #0. 5 rd(2) to output buffer circuit 910fr. 

When internal clock signal intCLK rises to H-level in Half-clock shifter leb takes in output signal OEMFS2D 

clock cycle #1, clock signal CLKO for output from control G f halMock shifter lea in synchronization with the rising of 

logic gate 1A attains H-level, because signal OEMFS2D is at clodc ^ { mtCLK ^ and drives out t enable ^ j 

H-level. Thereby, read data RD is transmitted to output OFM t H 1 1 

buffer circuit 910ft through gate circuit 910a. In synchroni- in H-ievei. 

zation with the rising of internal clock signal intCLK, lo & ic g ate w operates as a buffer when signal 

half-clock shifter leb takes in output signal OEMFS2D of OEMFS2D is at H-level, and produces internal clock signal 

half-clock shifter lea, and raises output enable signal OEM CLKO for output in accordance with internal clock signal 

to H-level. When output enable signal OEM rises to H-level, intCLK. Meanwhile, half-clock shifter leb takes in signal 

output buffer circuit 910fr is enabled to buffer internal data OEMF2D in synchronization with the rising of internal 

DD and produce external data Dout. 1S clock si S nal intCLK, and produces output enable signal 

Also, in clock cycle #1, externally applied data output 0EM - Therefore, output enable signal OEM attains the 

mask instruction DQM attains H-level, and internal mask active state of H * level at a later than me ^8 of 

instructing signal DQM0 rises to H-level in synchronization mternal clock si § nal CLK0 for data 0Ut P ut - Accordingly, 

with the rising of internal clock signal intCLK. When S ate 910fl is ^med on at a timing earlier than the 

internal mask instructing signal DQM0 rises to H-level, activation of output enable signal OEM, and takes in and 

half-clock shifter lea lowers output signal OEMFS2 of gate transmits internal read data RD to output buffer circuit 9106. 

circuit Id to L-level. Thereafter, output enable signal OEM is activated so that 

While internal clock signal intCLK is at H-level, half- s^P time ^ of internal data DD with respect to output 

clock shifter lea is in the latch state, and its output signal M enable signal OEM can be sufficiently increased. Invalid 

OEMFS2D is at H-level. When internal clock signal intCLK dala fe not 0Ut P ut even al lhe timc of transition from the data 

falls to L-level, half-clock shifter lea takes in output signal 0Ul P ut masked state to the data output state, and output data 

OEMFS2 of gate circuit W, lowers its own output signal Dout can be stabl y produced in accordance with internal 

OEMFS2D to L-level, and holds internal clock signal read RD Particularly, if the delay time of half-clock 

CLKO at L-level. In response to the falling of internal clock ^ shifter le *> ^ mucb loo S cr ^ n *c delay time of gate circuit 

signal intCLK, half-clock shifter leb enters the latching 91Dfl > s^P time tS can be made sufficiently long, 

state. Therefore, output signal OEM from half-clock shifter In clock cycle #4, read enable signal OEMF and signal 

leb maintains H-level during clock cycle #1. OEMFS from (CAS latency-2) clock shifter lb fall to 

In clock cycle #2, half-clock shifter lea maintains its L-level in synchronization with the rising of internal clock 

output signal OEMFS2D at L-level, because it is in the latch 35 signal intCLK because all the burst length data have been 

state while internal clock signal intCLK is at H-level. Also, rcad * Thereby, output signal OEMFS2 from gate circuit Id 

internal clock signal CLKO for output is held at L-level by falls to L-level, and half -clock shifter lea takes in signal 

control logic gate Ih. Therefore, gate circuit 910a is pro- OEMFS2 in synchronization with the falling of internal 

hibited from taking in data RD(1) which is read through dock signal intCLK, and lowers its output signal 

clock cycles #land #2, and data DD(0) which was read in 40 OEMFS2D to L-level. Half-clock shifter leb attains the 

clock cycle #lis continuously applied to output buffer circuit latching state in synchronization with the falling of internal 

9106. clock signal intCLK, and output enable signal OEM main- 

When internal clock signal intCLK rises to H-level, tains H-level. In clock cycle #4, therefore, internal read data 

half-clock shifter leb takes in output signal OEMFS2D of RD ( 3 ) 15 transmitted to output buffer circuit 910Z? through 

half-clock shifter lea, and lowers output enable signal OEM 45 S atc arcuit 910a in accordance with mternal clock signal 

to L-level. Therefore, output buffer circuit 9106 attains the 01X0 for out P ut » ^ out P ut 9106 produces output 

output high-impedance state. Upon this deactivation of ^ ata D° ut * 

output enable signal OEM, internal data DD is continuously In clock cycle #5, half -clock shifter leb takes in signal 

applied from gate circuit 910a during this clock cycle #2. OEMFS2D at Lrlevcl, and drives output enable signal OEM 

Therefore, a suflBciently long hold time tH can be ensured, 50 to L-level in synchronization with the rising of internal clock 

and output of invalid data does not occur. signal intCLK. Thereby, output circuit 910 attains the output 

Externally applied data output mask instruction DQM is high-impedance state. In this state, gate circuit 910a is in the 

activated only in clock cycle #1, and is driven to L-level in latching state (mternal clock signal CLKO maintains L-level 

clock cycle #2 so that internal mask instructing signal because signal OEMFS2D is at L-level), and the hold time 

DQM0 falls to L-level in synchronization with the rising of 55 of data DD ^ respect to the falling of output enable signal 

internal clock signal intCLK in clock cycle #2. In response OEM is sufficiently long. Therefore, invalid data is not 

to the falling of internal mask instructing signal DQM0, out P ut at t™* of transition to this output high-impedance 

signal OEMFS2 from gate circuit Id rises to H-levcl and state - 

continuously holds H-level for the burst length period. When As shown in FIG. 10, signal OEMFS2D which precedes 

signal OEMFS2 rises to H-level in clock cycle #2, half-clock 60 output enable signal OEM by half the clock cycle is used for 

shifter lea takes in signal OEMF2 in synchronization with producing internal clock signal CLKO for output, whereby 

the falling of internal clock signal intCLK, and drives its the setup time and hold time with respect to the change in 

output signal OEMFS2D to H-level. In clock cycle #2, even output enable signal can be made sufficiently long, and 

when signal OEMFS2D rises to H-level, half-clock shifter output of invalid data can be prevented. 

leb is in the latch state attained in response to the falling of 65 In particular, if control logic gate lh producing internal 

internal clock signal intCLK, and output enable signal OEM clock signal CLKO for output as well as gate circuit 910a 

maintains the inactive state of L-level. taking in internal read data RD and transmitting internal data 
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DD to output buffer circuit 910/? have delay times which cao shifter \b also rises to H-level. Since half -clock shifter lea 

be ignored as compared with the delay time of half -clock takes in the signal applied in synchronization with comple- 

shifter leb, setup time tS of internal data DD with respect to mentary internal clock signal /intCLK, signal OEMFSD 

output enable signal OEM can be set to a desired value, and rises to H-level in accordance with internal clock signal 

it is not necessary to delay output enable signal OEM. 5 intCLK in clock cycle #0. 

Therefore, fast data reading is implemented. \ n dock cycle #0, output enable signal OEM and signal 

OEMD are both inactive at L- level, and output buffer circuit 

Embodiment 3 9Wb is m me output high-impedance state. Meanwhile, 

FIG. 12 shows a structure of a main portion of a semi- internal clock signal CLKO generated from control logic 

conductor memory device according to an embodiment 3 of 10 g ate 1« is at H-level, and tristate inverter buffer 910aa of gate 

the invention. FIG. 12 likewise shows structures of data circuit 910a is in the operating state. Therefore, data RD 

output control circuit 1 and output circuit 910. In FIG. 12, read in clock cycle #0 is transmitted to output buffer circuit 

data output control circuit 1 includes (CAS latency-2) clock 9Wb through gate circuit 910a. 

shifter lb which shifts read enable signal OEMF from an In clock cycle #1, half-clock shifter leb takes in applied 

OEMF signal generating circuit (not shown) in accordance 15 signal OEMFSD in synchronization with internal clock 

with internal clock signal intCLK, half-clock shifter lea signal intCLK, and drives output enable signal OEM to 

which shifts output signal OEMFS of (CAS latency-2) H-level. Thereby, output buffer circuit 9106 attains the 

clock shifter lb by half the clock cycle of internal clock output low-impedance state, and buffers internal data DD to 

signal intCLK, half-clock shifter leb which shifts output produce output data Dout. When output buffer circuit 9106 

signal OEMFSD of half -clock shifter lea by half the clock 20 attains the operating state, i.e., when output enable signal 

cycle of internal clock signal intCLK, half-clock shifter lec OEM is activated to attain H-level, internal data DD is 

which shifts output signal OEM of half -clock shifter leb by already transmitted so that setup time tS of internal data DD 

half the clock cycle of internal clock signal intCLK, a with respect to output enable signal OEM has a sufficient 

control logic gate 1/ which produces internal clock signal length. Therefore, output data Dout is produced in accor- 

CLKO for data output in accordance with internal clock 25 dance with internal data DD without producing invalid data, 

signal intCLK and output signals OEMFSD and OEMD of i n clock cycle #1, half-clock shifter lec takes in output 

half-clock shifters lea and lec. enable signal OEM in synchronization with the falling of 

The output enable signal OEM from half -clock shifter leb internal clock signal intCLK, and drives its output signal 

is applied to output buffer circuit 9106. Half-clock shifters OEMD to H-level, and NAND circuit lib included in control 

lea and lec take in the signals applied in synchronization logic gate li operates as an inverter. At this time, signal 

with complementary internal clock signal /intCLK, and OEMFSD is also at H-level, and NAND circuit lia operates 

half-clock shifter leb takes in the signal applied in synchro- as an inverter so that internal clock signal CLKO for output 

nization with internal clock signal intCLK. is produced in accordance with internal clock signal intCLK. 

Control logic gate li includes an NAND circuit lia which 35 For the burst length period, i.e., during clock cycles #2, #3 

receives internal clock signal intCLK and signal OEMFSD and #4, internal data DD is produced in accordance with 

from half-clock shifter lea, and an NAND circuit li6 which internal read data RD, and output data Dout is produced, 

receives the output signal of NAND circuit lia and signal In clock cycle #4, the burst length period expires. 

OEMD sent from half-clock shifter let:, and produces inter- Therefore, read enable signal OEMF is deactivated, and 

nal clock signal CLKO for data output. Gate circuit 910a ^ signal OEMFS from (CAS latency-2) clock shifter 16 falls 

and output buffer circuit 9106 have the same structures as to L-level. While internal clock signal intCLK is at H-level, 

those in the foregoing embodiment. Corresponding portions half-clock shifter lea is in the latching state so that signal 

bear the same reference numerals, and will not be described OEMFSD holds H-level, and signal OEMFSD falls to 

below. L-level in synchronization with the falling of internal clock 

In the structure shown in FIG. 12, when signal OEMD 45 signal intCLK, to raise the output signal of NAND circuit lia 

from half-clock shifter lec is at L-tevel inactive, internal to H-level. Since signal OEMD is still at H-level, clock 

clock signal CLKO for data output is at H-level, and gate signal CLKO from NAND circuit li6 is held at L-leveL 

circuit 910a transmits internal read data RD to output buffer In clock cycle #5, half-clock shifter leb takes in signal 

circuit 910. Therefore, internal read data RD is transmitted OEMFSD in synchronization with the rising of internal 

to output buffer circuit 9106 before output enable signal 50 clock signal intCLK, and drives output enable signal OEM 

OEM is activated, so that the set up time of internal data DD to the inactive state of L-level . Thereby, output buffer circuit 

with respect to output enable signal OEM can be made long. 9106 attains the output high-impedance state. In clock cycle 

When signal OEMFSD attains the inactive state of L-level #5, even when internal clock signal intCLK rises to H-level, 

and signal OEMD is at H-level or active, internal clock clock signal CLKO from control logic gate li maintains 

signal CLKO for data output attains L-level, and gate circuit 55 L-level because signal OEMD is at H-level. Therefore, gate 

910a is turned off and attains the state of latching the applied circuit 910a maintains the latching state, 

date. Therefore, gate circuit 910a attains the latching state Internal clock signal CLKO for output is held at L-level 

before deactivation of output enable signal OEM, and the until half-clock shifter lec takes in output enable signal 

hold time of internal data DD with respect to output enable OEM and drives signal OEMD to L-level in synchronization 

signal OEM can be increased. Thereby, output of invalid 60 with the falling of internal clock signal intCLK in clock 

data can be prevented. Operation of the data output control cycle #5. Therefore, internal data DD at the time of deac- 

circuit and the output circuit shown in FIG. 12 will be tivation of output enable signal OEM has hold time tH equal 

described below with reference to a timing chart of FIG. 13. to half the clock cycle of internal clock signal intCLK with 

When the read command is applied in clock cycle #0, read respect to output enable signal OEM, and output of invalid 

enable signal OEMF rises to H-level in synchronization with 65 data can be reliably prevented at the time of deactivation of 

the rising of internal clock signal intCLK. Since the CAS output enable signal OEM. Thereafter, output buffer circuit 

latency is 2, signal OEMFS from (CAS latency-2) clock 9106 holds the output high-impedance state as a result of 
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deactivation of output enable signal OEM, although internal 
clock signal CLKO is held at H-level and gate circuit 910a 
is held ON. 

According to the embodiment 3 of the invention, as 
described above, internal clock signal CLK for output is set 
to state holding the gate circuit in the on state, and the 
delayed signal of the output enable signal controlling the 
output impedance of the output buffer circuit is utilized to 
produce the clock signal for output in accordance with the 
internal clock signal. Also, the signal preceding the output 
enable signal by half the clock cycle is used to stop gen- 
eration of the internal clock signal and, thereafter, the 
delayed output enable signal is used to hold the gate circuit 
on. At the time of activation of the output enable signal, 
therefore, the data is already applied to the output buffer 
circuit. Also, at the time of deactivation of output enable 
signal OEM, generation of the internal clock signal is 
stopped, and the gate circuit is in the latch state. Therefore, 
the setup time and the hold time of the internal data can be 
sufficiently long, and output of invalid data can be pre- 
vented. 

Embodiment 4 

FIG. 14 shows a structure of a main portion of a semi- 
conductor memory device according to an embodiment 4 of 
the invention. FIG. 14 likewise shows structures of data 
output control circuit 1 and output circuit 910. The structures 
shown in FIG. 14 are the same as those shown in FIG. 12 
except for that internal mask instructing signal DQMO from 
internal mask instructing signal generating circuit la and 
output signal OEMFS from (CAS latency-2) clock shifter 
lb are used to produce internal clock signal CLKO for 
output and output enable signal OEM. 

In FIG. 14, there are provided with an inverter lc which 
inverts internal mask instructing signal DQMO from internal 
mask instructing signal generating circuit la, and AND 
circuit Id which receives the output signal of inverter lc and 
output signal OEMFS of (CAS latency-2) clock shifter lb, 
and generates output signal OEMFS2 to half-clock shifter 
lea. Structures other than the above are the same as those 
shown in FIG. 12 merely except for the name of signal 
applied from half-clock shifter lea. An operation of the 
circuits shown in FIG. 14 will be described below with 
reference to a timing chart of FIG. 15. 

In clock cycle #0, the read command is applied, and read 
enable signal OEMF rises to H-level in synchronization with 
the rising of internal clock signal intCLK, and maintains 
H-level until clock cycle #4 because the burst length is 4. 
Since the CAS latency is 2, signal OEMFS from (CAS 
latency-2) clock shifter lb rises to H-level in synchroniza- 
tion with the rising of internal clock signal intCLK so that 
output signal OEMFS2 of AND circuit Id rises to H-level. 
Since signal OEMD is at L-level, internal clock signal 
CLKO from NAND circuit lib in control logic gate 1/ 
maintains H-level, and gate circuit 910a is ON. 

In clock cycle #0, signal OEMFS2D generated from 
half-clock shifter lea rises to H-level in synchronization 
with the rising of internal clock signal intCLK. 

In clock cycle #1, externally applied data output mask 
instruction DQM attains H-level, and internal mask instruct- 
ing signal DQMO attains H-level in accordance with the 
rising of internal clock signal intCLK so that signal 
OEMFS2 from AND circuit Id falls to L-level. Half-clock 
shifter lea takes in signal OEMFS2 in synchronization with 
the falling of internal clock signal intCLK, and drives its 
output signal OEMFS2D to L-level. 
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Meanwhile, half-clock shifter leb takes in signal 
OEMFS2D at H-level in synchronization with the rising of 
internal clock signal intCLK in clock cycle #1, and drives 
output enable signal OEM to H-level. At this time, internal 

5 read data RD has been transmitted to output buffer circuit 
910£ through on-state gate circuit 910a, and output buffer 
circuit 9106 buffers internal data DD in accordance with 
active output enable signal OEM to produce output data 
Dout. In this case, therefore, setup time tS of internal data 

10 DD is sufficiently long, similarly to the foregoing embodi- 
ment 3, and output data Dout is produced without being 
accompanied by invalid data. 

In clock cycle #1, half-clock shifter lee takes in output 
enable signal OEM at H-level in synchronization with the 

15 rising of internal clock signal intCLK, and drives its output 
signal OEMD to H-level. Signal OEMFS2D has been driven 
to L-level in synchronization with the falling of internal 
clock signal intCLK, and NAND circuit lib of control logic 
gate 1/ receives signals at H-level on both inputs, and fixes 

20 internal clock signal CLKO at L-level. 

In clock cycle #2, internal mask instructing signal DQMO 
falls to l-level in synchronization with the rising of internal 
clock signal intCLK (externally applied output mask instruc- 
tion DQM instructs only the masking for the second output 

25 data). In response to the falling of internal mask instructing 
signal DQMO, signal OEMFS2 from AND circuit id rises to 
H-level. Subsequently, signal OEMFS2D from half-clock 
shifter lea rises to H-level in synchronization with the 
falling of internal clock signal intCLK, and NAND circuit 

30 lia of control logic gate li operates as an inverter. 

In clock cycle #2, half-clock shifter leb likewise takes in 
signal OEMFS2D at L-level in synchronization with the 
rising of internal clock signal intCLK so that output enable 

35 signal OEM is driven to L-levcl, and output buffer circuit 
9106 attains the output high-impedance state. In this clock 
cycle #2, internal clock signal CLKO for output is fixed at 
L-tevel while internal clock signal intCLK is at H-level, and 
therefore gate circuit 910a is in the latching state. 

^ Subsequently, signal OEMD from half-clock shifter lec falls 
to L-level in synchronization with the falling of internal 
clock signal intCLK, and internal clock signal CLKO attains 
H-level. When output enable signal OEM changes to the 
inactive state of L-level in clock cycle #2, internal data DD 

45 is therefore in the latched state for a period equal to half the 
clock cycle of internal clock signal intCLK. Accordingly, 
internal data DD has sufficiently long hold time tH with 
respect to output enable signal OEM. Consequently, it is 
possible to prevent output of invalid data at the time of 

5Q transition to the masked state. 

When internal clock signal CLKO rises to H-level, gate 
circuit 910a is turned on to transmit internal read data RD(1) 
to output buffer circuit 9106. In this state, however, output 
enable signal OEM is already driven to L-level, output 

55 buffer circuit 9106 is in the output high-impedance state, and 
data DD(1) thus transmitted is not output. Subsequently, 
new internal read data RD is transmitted and becomes 
definite in clock cycle #2. Internal clock signal CLKO is at 
H-level, and gate circuit 910a is ON so that read data RD(2) 

50 is transmitted to output buffer circuit 9106. 

In clock cycle #3, half-clock shifter leb takes in signal 
OEMFS2D at H-level in synchronization with the rising of 
internal clock signal intCLK so that output enable signal 
OEM rises to H-level, and signal OEMD from half -clock 

65 shifter lec subsequently rises to H-level in synchronization 
with the falling of internal clock signal intCLK. At the time 
of transition of output enable signal OEM to the active state, 



03/19/2004, EAST Version: 1.4.1 



6,049,488 

25 26 

therefore, internal read data RD(2) is already transmitted, as Data output control circuit 1 further includes internal 

data DD(2), to output buffer circuit 910b so that setup time mask instructing signal generating circuit la which produces 

tS is sufficiently long. Therefore, internal data DD(2) is internal mask instructing signal DQMO in accordance with 

buffered without being accompanied by invalid data, and an externally applied data output mask instruction extDQM, 

output data Dout(2) is output. 5 a half-clock shifter Ija which delays internal mask instruc- 

In subsequent clock cycle #4, the burst length period tion DQMO from internal mask instructing signal generating 
expires so that signals OEMF and OEMFS fall to L-level. circuit la by half the clock cycle, and half-clock shifter ljc 
When signal OEMFS2 subsequently falls to L-level, signal which further delays output signal DQMi of half -clock 
OEMFS2D also falls to L-level in synchronization with the shifter Ijb by half the clock cycle. Half-clock shifters Ija 
falling of internal clock signal intCLK, and the output signal 10 and ljc take in the applied signals in accordance with 
of NAND circuit lia is fixed to H-level. In clock cycle #4, complementary internal clock signal /intCLK, and half- 
both signals OEMFS2D and OEMD are at L-level while clock shifter Ijb takes in and latches the received signal in 
internal clock signal intCLK is at H-level, so that internal accordance with internal clock signal intCLK 
clock signal CLKO is generated in accordance with internal D a t a output control circuit 1 further includes a control 
clock signal intCLK, and internal read data RD is transmit- 15 i og i c ga t e lk which produces internal clock signal CLKO for 
ted to output buffer circuit 9106 for output. When internal data output in accordance with signal OEMFSD from half- 
clock signal intCLK falls to L-level, signal OEMFS2D clock shifter led, output signal DQMOD of half-clock shifter 
attains L-level, and NAND circuit lib receives H-level lj a and output signal DQMD of half-clock shifter lac. 
signals at both the inputs thereof and fixes internal clock Control logic gate lk includes an NAND circuit la which 
signal CLKO to H-level. Thereby, gate circuit 910a attains 20 receives internal clock signal intCLK, output signal OEM- 
the latching state. FSD of half-clock shifter led and output signal DQMOD 

In clock cycle #5, half -clock shifter leb takes in signal applied through an inverter Ix from half-clock shifter lja, 

OEMFS2D at L-level in synchronization with the rising of anc j an NAND circuit lkb which receives output signal 

internal clock signal intCLK, and lowers output enable OEMD of half-clock shifter leg, the output signal of NAND 

signal OEM to L-level. At this time, internal clock signal 25 ^ka and output signal DQMD applied through an 

CLKO is still at L-level, and gate circuit 910a is in the inverter ly from half-clock shifter ljc, and produces internal 

latching state. When internal clock signal intCLK falls to c i oc k CLKO for data output Internal clock signal 

L-level, half-clock shifter lec takes in output enable signal CLKO is inverted by the inverter to form complementary 

OEM at L-level, and drives its output signal OEMD to clock signa j /CLKO, which controls on/off of tristate 

L-level. Thereby, internal clock signal CLKO for output is 30 mverter buffer 910aa included in gate circuit 910a. 

fixed to H-level At the time of transition of output enable Q ^ dja ^ 91ftfl faas a tQ ^ m me rfor 

signal OEM to the inactive state, therefore internal read data ^ ^ buffer dreuil 9106 ^ mverter 910ba 

DD is in the latched state for a period equal to half the clock Averting thc ou ^ ut ^ al of te dsx=uh 91Q(ly w AND 

cycle so Ohat hold tune tH is sufficiently long, and output of 9m output cnablc signal 0EM ^ 

invalid data is prevented. half-clock shifter lef 9 internal mask instruction DQMi from 

As described above, transfer of the internal read data to half-clock shifter Ijb and the output signal of gate circuit 

the output buffer circuit is not performed in accordance with 9Wa an drcuit 91Qbg rece iving output enable signal 

internal clock signal intCLK with which output enable 0EM> ^mal data output mask instruction DQMi and the 

signal OEM is synchronized. Therefore, the setup time and output dgpsl of ^tier 91<Mw> an n-channel MOS transis- 

hold time of the internal data with respect to the output 40 tor 910M which is niraed on to produce output signal Dout 

enable signal can be made sufficiently long, and output of at H . level (po We r supply voltage level) when the output 

invalid data can be prevented. This is owing to the facts that, s j gnal of AND circuit 9106/ is at H-level, and an n-channel 

at the time of transition to the active state of the output MQS transistor 910be whicn ^ {mvcd on to produce output 

enable signal, the mternal read data is transmitted to the signal Dout a t the ground voltage level when the output 

output buffer circuit prior to at transition, and that the gate 45 signal of and circuit 910bg is at H-level. 

circuit is held in the latching state when the output enable _ _ 4 . _ . . MA , , _ „ , . ~ # . 

i 1 ' deactivated Output buffer circuit 9106 produces output data Dout m 

signa is eac va . accordance with the data applied from gate circuit 910a 

Embodiment 5 when output enable signal OEM is active and internal data 

FIG. 16 shows a structure of a main portion of a semi- 50 output mask instruction DQMi is inactive. In the structure of 

conductor memory device according to an embodiment 5 of data out P ut control circuit 1 shown in FIG. 16, internal mask 

the invention. FIG. 16 likewise shows structures of data instructing signal DQMi and output enable signal OEM are 

output control circuit 1 and output circuit 910. Similarly to formed through different paths, and the output impedance of 

data output control circuit 1 shown in FIG. 12, data output output buffer circuit 910i> is controlled in accordance with 

control circuit 1 shown in FIG. 16 includes (CAS latency-2) ss output enable signal OEM and internal data output mask 

clock shifter lb which delays read enable signal OEMF by instruction DQMi. 

(CAS latency-2) clock cycle(s), half-clock shifter led Internal control gate lk sets gate circuit 910a to the 

which delays output signal OEMFS of (CAS latency-2 latching state at the time of transition of output buffer circuit 

clock shifter lb by half the clock cycle, half-clock shifter le/" 910b to the output high-impedance state, and sets gate 

which further delays output signal OEMFSD of half -clock 60 circuit 910a to the on state at a fast timing at the time of 

shifter W by half the clock cycle, and half -clock shifter leg transition to the output low-impedance state. Now, it 

which further delays output signal OEM of half-clock shifter increases the setup time and hold time. Then, operations of 

l<^by half the clock cycle. Half-clock shifters led and leg data output control circuit 1 and output circuit 910 shown in 

take in and latch the applied the signals in accordance with FIG. 16 will be described below with reference to a timing 

complementary internal clock signal /intCLK. Half-clock 65 chart of FIG. 17. FIG. 17 likewise represents the data read 

shifter lef takes in and latches the applied signal in accor- operation in the case where CAS latency is 2, and the burst 

dance with internal clock signal intCLK. length is 4. 
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A read command is applied in clock cycle #0, and internal with the falling of internal clock signal intCLK in clock 

read enable signal OEMF rises to H-level in synchronization cycle #2, and this H-level state is maintained until falling of 

with the rising of internal clock signal intCLK. Also, signal internal clock signal intCLK in clock cycle #3. Therefore, 

OEMFS from (CAS latency-2) clock shifter 16 rises to internal read data RD is already transmitted to output buffer 

H-level. Tnen, output signal OEMFSD from half -clock 5 circuit 9106 before falling of signal DQMi. Accordingly, a 

shifter led rises to H-level in synchronization with the sufficiently long setup time is kept, and valid data is output 

falling of internal clock signal intCLK. In accordance with without outputting invalid data. 

activation of read enable signal OEMF, selection of a In clock cycle #4, both signals DQMOD and DQMD attain 

memory cell and reading of data are internally performed. L-tevel, and signal OEMD is at H-leveL Therefore, internal 

In clock cycle #1, externally applied data output mask 10 clock signal CLKO for output is produced in accordance 

instruction extDQM attains H-level, and signal DQMO from with internal clock signal intCLK, and internal read data 

internal mask instructing signal generating circuit la rises to RD(3) is applied to output buffer circuit 9106 through gate 

H-level in synchronization with the rising of internal clock circuit 910a. Responsively, last data Dout(3) is output, 

signal intCLK. Output enable signal OEM from half-clock i Q dock cycle #5, output enable signal OEM falls to 

shifter lef changes to the active state of H-level in synchro- 15 L-tevel in synchronization with the rising of internal clock 

nization with the rising of internal clock signal intCLK, and signal intCLK, and output buffer circuit 910b attains the 

signal OEMD from half-clock shifter leg rises to H-level in high-impedance state. At this time, signal OEMFSD has 

synchronization with the falling of internal clock signal already fallen to L-level in synchronization with the falling 

intCLK. When signal OEMD rises to H-level, signal G f internal clock signal intCLK in clock cycle #4, and the 

DQMOD from half-clock shifter lja is already at H-level, 20 output signal of NAND circuit lka of control logic gate lk 

and the output signal of inverter lx attains L-level so that the has already attained H-level so that the output signal of 

output signal of NAND circuit Us is at H-level. Signal NAND circuit lkb is already at L-level. Therefore, gate 

DQMD from half-clock shifter lac is still at L-level, and the circuit 910a is in the latching state, 

output signal of inverter ly is at H-level Therefore output Intemal dock s{ { fof QUtput rctunjs tQ H4evcl 

signal CLKO of NAND circuit Vcb falls to L-level m 25 wncn s {g Da \ OEMD falls to L-level, in synchronization with 

response to the rising of signal OEMD. Thereby internal me fam of internal clock signal ^tClX in clock cycle #5. 

read data RD read in clock cycle #1 is taken into and latched For a ^ to half me dock cyde of cIock 

by gate circuit 910a. signal ^qu^ gate circuit 910fl is m the latching state, and 

Since output enable signal OEM is at H-level and internal hold time tH of internal data DD during the inactive state of 

read data output mask instruction DQMi is at L-level, output output enable signal OEM is sufficiently long. Accordingly, 

buffer circuit 9106 produces output data Dout in accordance output of invalid data is prevented, 

with data DD applied through gate circuit 910a. At the time According to the embodiment 5, as described above, 

of transition of output enable signal OEM to the active state, out t enabk -j OEM and internal data mask instruction 

internal read data RD is already transferred by gate circuit DQMi are produced through different paths, and the output 

910* to output buffer circuit 9106 in accordance with impedsm<x & in the output buffer circuit in 

internal clock signal CLKO at H-level, and a sufficient setup accordance ^th both the signals. The gate circuit is turned 

time is provided so that only valid data is output without 0Q? at me ^ of taa ^ Um to lhe data output enabling, to 

outputting invalid data. transfer the data to the output buffer circuit prior to that 

During a period of one clock cycle for which signal m transition. At the time of transition from the data output 

DQMOD from half-clock shifter lja is at H-level, the output enabling to the data output disabling, the gate circuit is held 

signal of inverter lx is at L-level, and therefore the output a t th c latching state. Signals shifted in phase by half the 

signal of NAND circuit lka is at H-level so that internal c i oc k cycle from the output enable signal and the internal 

clock signal CLKO for output maintains L-level until output data output mask instructing signal respectively are used for 

signal DQMD of half-clock shifter Ijc rises to H-level. In 45 controlling on/off of the gate circuit in this manner, 

this state, therefore, gate circuit 910a holds the latching Accordingly, the setup time and hold time of the internal 

state, and internal read data RD which is transmitted in clock data signal can be made sufficiently long, and therefore the 

cycle #2 will not be transferred during this period. output circuit which does not output invalid data can be 

In synchronization with the falling of internal clock signal implemented 

intCLK in clock cycle #2, output signal DQMD of half- 50 

clock shifter ljc rises to H-leveL Thereby, the output signal Embodiment 6 

of inverter ly attains L-level, and output signal CLKO of nG. 18 shows a structure of a main portion of a semi- 

NAND circuit lkb attains H-level so that gate circuit 910a conductor memory device according to an embodiment 6 of 

is turned on, and read data RD is transmitted to output buffer the invention. FIG. 18 likewise shows structures of data 

9106. At this time, however, signal DQMi from half-clock 55 output control circuit 1 and output circuit 910. In FIG. 18, 

shifter ljb rises to H-level, and complementary mask signal data output control circuit 1 includes (CAS latency-2) clock 

/DMQi attains L-level in synchronization with the rising of shifter lb which delays read enable signal OEMF by (CAS 

internal clock signal intCLK. Therefore, output buffer circuit latency-2) clock cycle(s), a one-clock shifter le which 

9106 attains the output high-impedance state so that this delays an output signal OEMFS of (CAS latency-2) clock 

invalid data DD(1) is not output. 60 shifter 16 to produce output enable signal OEM, intemal 

In clock cycle #3, signal DQMi from half-clock shifter ljb mask instructing signal generating circuit la which produces 

falls to L-level, and complementary internal mask signal internal mask instructing signal DQMO in accordance with 

/DQMi attains H-level in synchronization with the rising of externally applied data output mask instruction extDQM, a 

internal clock signal intCLK so that output buffer circuit half -clock shifter lja which delays internal mask instructing 

9106 attains the output low-impedance state again. At this 65 signal DQMO by half the clock cycle of clock signal intCLK, 

time, internal clock signal CLKO is already at H-level a half-clock shifter ljb which delays output signal DQMOD 

attained according to signal DQMD and in synchronization of half-clock shifter lja by half the clock cycle of intemal 
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clock signal to produce internal data output mask instruction attains the output high-impedance state. In this state, internal 

DQMi, and a control logic gate lm which produces internal clock signal CLKO for output holds L-level, and therefore 

clock signals CLKO and /CLKO for data output in accor- gate circuit 910a holds the latching state so that hold time tH 

dance with output signal DQMOD of half-clock shifter lja of internal data DD at the time of transition of output buffer 

and internal clock signal intCLK. 5 circuit 9106 to the output high-impedance state is equal to 

This control logic gate lm includes a NAND circuit lma one clock cycle period and is sufficiently long, resulting in 
which receives signal DQMOD applied through an inverter prevention of output of invalid data. In clock cycle #2, 
lmc and internal clock signal intCLK, and produces comple- output signal DQMOD of half-clock shifter lja attains 
mentary internal clock signal /CLKO for output, and in L-level in synchronization with the falling of internal clock 
inverter lmb which inverts the output signal of NAND 10 signal intCLK so that control logic gate lm produces inter- 
circuit lma to produce internal clock signal CLKO for nal clock signals CLKO and /CLKO in accordance with 
output. internal clock signal intCLK. 

Output circuit 910 includes gate circuit 910a which In clock cycle #3, internal data output mask instruction 

selectively attains the on state and the latching state in DQMi attains L-level in synchronization with the rising of 

accordance with internal clock signals CLKO and /CLKO 15 internal clock signal intCLK, and output buffer circuit 9106 

for output, and output buffer circuit 9106 which has the produces output data Dout in accordance with applied 

output impedance controlled in accordance with output internal data DD. 

enable signal OEM and internal data output mask instruction In clock cycle #4, the burst length period expires, and read 

/DQMi, and outputs internal data DD from gate circuit 910a . enable signal OEMF falls to L-level in synchronization with 

Gate circuit 910a and output buffer circuit 9106 have the 20 the rising of internal clock signal intCLK. Also, output 

same structures as those shown in FIG. 16, and correspond- signal OEMFS of (CAS latency-2) clock shifter 16 falls to 

ing portions bear the same reference numerals. L-level. At this time, output enable signal OEM is still at 

Output buffer circuit 9106 receives internal data output H-level, and internal clock signal CLKO is produced, 

mask instruction /DQMi and output enable signal OEM. Therefore, internal read data RD(3) is applied to output 

However, the same structure as that shown in FIG. 5 may be 25 buffer circuit 9106 through gate circuit 910a in accordance 

employed, wherein one-clock shifter le receives the output with clock signal CLKO, and data DD(3) which is the last 

signal of the AND circuit receiving the output signal in the burst length is produced as the output data. 

OEMFS of (CAS latency-2) clock shifter 16 and internal Iq next clock cycle #5, output enable signal OEM falls to 

mask instructing signal DQM0. 3Q Uevel in synchronization with the rising of internal clock 

In the data output control circuit 1 shown in FIG. 18, signal intCLK, and output buffer circuit 9106 attains the 

control logic gate lm stops generation of internal clock output high-impedance state. 

signal CLKO for output in accordance with data mask Setup time tS of internal data DD with respect to output 

instructing signal DQMOD. Therefore, production of inter- enable signal OEM can be sufficiently increased by setting 

nal clock signal CLKO stops only while masking is 3S the delay time of one-clock shifter le (gate delay of the 

performed, to enter gate circuit 910a into the latch state. An counter) to be longer the delay time of control logic gate lm 

operation of the circuit shown in FIG. 18 will be described and the delay time of gate circuit 910a. However, this 

below with reference to a timing chart of FIG. 19. FIG. 19 arrangement would reduce hold time tH of internal data DD 

represents the operation performed with the CAS latency of at the time of transition of output enable signal OEM to the 

2 and the burst length of 4. ^ inactive state, and therefore invalid data may be output 

In clock cycle #0, the read command is applied, read together with output data Doutl in FIG. 19 at the time of 

enable signal OEMF rises to H-level in synchronization with transition to the output high-impedance state. Meanwhile, if 

the rising of internal clock signal intCLK, and output signal setup time tS is reduced, hold time tH increases, and invalid 

OEMFS of (CAS latency-2) clock shifter 16 also rises to data is not output at the time of transition of output enable 

H-level. Since internal mask instructing signal DQM0 is at 45 signal OEM to the inactive state. However, reduced setup 

L-level or inactive, signal DQMOD is at L-level, and internal time tS may cause output of invalid data as can be seen from 

clock signals CLKO and /CLKO for output are produced in data Dout2 in FIG. 19. For preventing this, internal read data 

accordance with internal clock signal intCUC In clock cycle RD' is held in the latched state when the last data in the burst 

#0, data is read from a selected memory cell. length is output. In this case, sufficiently long setup time tS 

In clock cycle #1, externally applied mask instruction 50 mav employed. In other words, such a structure may be 

extDQM attains H-level, and internal mask instructing sig- employed that internal clock signal CLKO for data output 

nal DQM0 attains H-level for one clock cycle period in rises to H-level at a fast timing relative to activation of 

synchronization with the rising of internal clock signal output enable signal OEM, to make conductive gate circuit 

intCLK (the data output mask is applied only in clock cycle *N>a. Since hold time tH is sufficiently long, invalid data is 

#1). Then, output signal DQMOD of half-clock shifter lja 55 not out P ut according to this structure as can be seen from 

rises to H-level in synchronization with internal clock signal internal data DD' and output data Doutl'. For internal data 

intCLK. Thereby, the output signal of NAND circuit lma DD '> internal clock signal CLKO is produced, and latched 

included in control logic gate lm attains H-level, and output read data RD'(3) is repetitively applied. Thus, the same data 

signal CLKO of inverter lm6 attains L-level so that gate ^ continuously applied as internal data DD' so that hold time 

circuit 910a attains the latching state. In this clock cycle #1, 50 tH can be increased. 

output enable signal OEM rises to H-level in synchroniza- FIG. 20 shows a structure of a portion for producing 

tion with the rising of internal clock signal intCLK, and internal read data RD* and internal data DD'. 

output data Dout is produced in accordance with internal Id FIG. 20, a transfer circuit 10 which attains the on state 

data DD transmitted from gate circuit 910a. and the latching state in accordance with signal OEMFS is 

In clock cycle #2, internal data output mask instruction 65 arranged between read circuit 908 and output circuit 910. 

DQMi attains H-level in synchronization with the rising of Transfer circuit 10 includes a tristate inverter buffer 10a 

internal clock signal intCLK, and output buffer circuit 9106 which inverts internal read data RD from read circuit 908 
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when signal OEMFS is active, inverter 10b which inverts the 
output signal of tristate inverter buffer 10a and produces 
internal read data RD 1 , and an inverter 10c which inverts 
output signal RD' of inverter 10b for transmission to the 
input of inverter 10b, Inverters 10b and 10c form an inverter 
latch. 

According to the structure shown in FIG. 20, transfer 
circuit 10 produces read data RD' in accordance with inter- 
nal read data RD applied in clock cycles #0 through #4 as 
shown in a signal waveform diagram of FIG. 19, and applies 
the produced read data RD' to gate circuit 910a of output 
circuit 910. When signal OEMFS is at L-level or inactive, 
tristate inverter buffer 10a attains the output high-impedance 
state, and transfer circuit 10 attains the Latching state. When 
signal OEMFS falls to L-level in synchronization with rising 
of internal clock signal intCLK in clock cycle #4, currently 
applied internal read data RD(3) is kept in the latched state, 
and the hold time of internal data DD' with respect to the 
falling of output enable signal OEM can be made sufficiently 
long. Since signal OEMFS precedes output enable signal 
OEM by one clock cycle, hold time tH of internal data DD' 
at the time of deactivation of output enable signal OEM can 
be sufficiently long even if setup time tS of internal data DD' 
with respect to output enable signal OEM is sufficiently 
increased. Therefore, output of invalid data can be pre- 
vented. 

Instead of the structure shown in FIG. 20, such a structure 
may be employed that a preamplifier which drives the 
internal read data bus at the last stage of read circuit 908 has 
a latching function. This is implemented by employing such 
a structure that the preamplifier is reset and the internal read 
data bus line is precharged to a predetermined voltage level 
only when a p recharge command is applied. The latching 
structure shown in FIG. 20 is merely an example, and 
transfer circuit 10 may be included in read circuit 908. Any 
structure may be employed provided that the last data in 
burst length is latched. 

According to the embodiment 6 of the invention, genera- 
tion of the internal clock signal for output is stopped in 
accordance with the internal data mask instruction, output of 
invalid data at the time of masking of data output can be 
prevented. In particular, by latching the last data in burst 
length, both the setup time and the hold time can be made 
sufficiently long, and output of invalid data can be reliably 
prevented. 

According to the invention, as described above, genera- 
tion of the clock signal applied to the gate circuit transmit- 
ting the internal data to the output buffer circuit is controlled 
such that the definite and valid data can always be applied 
reliably to the output buffer circuit at the time of transition 
to the data output enabled or disabled state. Therefore, 
external generation of invalid data can be reliably prevented. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 

1. A semiconductor memory device comprising: 

a plurality of memory cells each for storing data; 

a gate circuit for passing therethrough data of a memory 

cell selected among said plurality of memory cells in a 

data read mode of operation; 
an output circuit for externally outputting the data applied 

from said gate circuit when data output is enabled; and 
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an output control circuit for making conductive said gate 
circuit in synchronization with a clock signal, said 
output control circuit including means for making 
non-conductive said gate circuit regardless of a logic 
5 state of the clock signal in response to a designation of 
disabling of the data output through said output circuit. 

2, The semiconductor memory device according to claim 

1, wherein 

said output control circuit includes: 
10 means for activating a data output enable signal in 
response to a data read instruction instructing said 
data read mode of operation, and 
a control logic receiving said data output enable signal 
and said clock signal, for making conductive said 
15 gate circuit in synchronization with said clock signal 

during an active state of said data output enable 
signal. 

3. The semiconductor memory device according to claim 

2, wherein 

20 said output control circuit further includes a delay circuit 
for delaying said data output enable signal by a prede- 
termined period for application to said output circuit for 
activating said output circuit during an active state of 
the delayed data output enable signal. 

25 4. The semiconductor memory device according to claim 
2, wherein 

said output control circuit further includes means for 
deactivating said data output enable signal in response 
3Q to a read mask instruction for masking the output of 
data of the selected memory cell said output circuit. 

5. The semiconductor memory device according to claim 
1, wherein 

said output control circuit includes: 

3S means for activating a read enable signal in response to 
a data read instruction designating said data read 
mode of operation; 
a first delay circuit for delaying said read enable signal 

by a predetermined time; 
a control logic receiving an output signal of said first 
delay circuit and said clock signal, for making con- 
ductive said gate circuit in synchronization with said 
clock signal during an active state of said output 
signal of said first delay circuit; and 

45 a second delay circuit for delaying the output signal of 
said first delay circuit for application to said output 
circuit, to activate said output circuit during an active 
state of an output signal of said second logic circuit, 
to externally output the data received from said gate 

50 circuit. 

6. The semiconductor memory device according to claim 
5, wherein 

said output control circuit further includes means for 
deactivating the read enable signal to be applied to said 
ss first delay circuit in response to activation of a mask 
instruction for masking the output of data of the 
selected memory cell from said output circuit. 

7. The semiconductor memory device according to claim 
1, wherein 

60 said output control circuit includes: 

means for activating a read enable signal in response to 
a data read instruction designating said data read 
mode of operation; 
delay means for delaying said read enable signal to 
65 generate a first delayed signal having a first delay 

time, a second delayed signal having a second delay 
time longer than said first delay time and applied to 
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said output circuit, and a third delayed signal having 
a third delay time longer than said second delay time 
in synchronization with said clock signal; and 
a control logic receiving the first and third delayed 
signals and said clock signal, and making conductive 
said gate circuit in synchronization with said clock 
signal during an active state of said first and third 
delayed signals. 

8. The semiconductor memory device according to claim 

7, wherein 

said delay means includes a delay circuit operating in 
synchronization with said clock signal to delay said 
read enable signal by half a cycle, one cycle and 
one-and-half a cycle of said clock signal for producing 
the first, second and third delayed signals, respectively. 

9. The semiconductor memory device according to claim 

8, wherein 

said output control circuit further includes means for 
deactivating the read enable signal to be applied to said 
delay means in response to a mask instruction for 
masking an external output of data of the selected 
memory cell from said output circuit. 

10. The semiconductor memory device according to claim 
1, wherein 

said output control circuit includes; 

means for generating a read enable signal in response 
to a data read instruction designating said data read 
mode of operation, 

read delay circuitry for delaying said read enable signal 
to generate a first delayed read signal having a first 
delay time, a second delayed read signal having a 
second delay time longer than said first delay time, 
and a third delayed read signal having a third delay 
time longer than said second delay time, 

means for generating an internal mask instructing sig- 
nal in response to a mask instruction for masking the 
output of the selected memory cell from said output 
circuit, 

mask delaying means for receiving said internal mask 
instructing signal, for generating first, second and 
third delayed mask instructing signals having the 
first, second and third delay rimes, respectively, and 

a control logic receiving said first delayed read signal, 
said first delayed mask instructing signal and said 
clock signal, for making conductive said gate circuit 
in synchronization with said clock signal during an 
active state of said first delayed read signal and 
during an inactive state of said first delayed mask 
instructing signal. 

11. The semiconductor memory device according to claim 
10, wherein said output circuit includes: 

means responsive to an active state of said second delayed 
read signal and an inactive state of said second delayed 
mask instructing for signal externally outputting the 
data of the selected memory cell applied from said gate 
circuit. 

12. The semiconductor memory device according to claim 
10, wherein said control logic includes; 

a control logic gate for receiving said third delayed read 
signal and said third delayed mask instructing signal, 
and responsive to the active state of said third delayed 
read signal and the inactive state of said third delayed 
mask instructing signal for applying the output signal 
of said control logic to said gate circuit, and otherwise 
invalidating the output signal of said control logic to 
making conductive said gate circuit. 
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13. The semiconductor memory device according to claim 
10, wherein 

said first, second and third delayed time are equal to half 
a cycle, one cycle and one-and-half a cycle of said 
clock signal, respectively. 

14. The semiconductor memory device according to claim 
1, wherein 

said output control circuit includes: 

means responsive to an externally applied data output 
instruction for generating a read enable signal; 

means for delaying said read enable signal to generate 
an output enable signal; 

means for generating an internal mask instructing sig- 
nal in response to a mask instruction for masking the 
output of data of the selected memory cell from said 
output circuit; 

delaying means for receiving said internal mask 
instructing signal, to generate first and second 
delayed mask instructing signals having a first delay 
time and a second delay time longer than said first 
delay time with respect to said internal mask 
instructing signal, respectively; and 

a control logic receiving said first delayed mask 
instructing signal and said clock signal, for making 
conductive said gate circuit in synchronization with 
said clock signal during an inactive state of said first 
delayed mask instructing signal, 

said output circuit is configured to externally output the 
data applied from said gate circuit in response to the 
active state of said output enable signal and the 
inactive state of said second delayed mask instruct- 
ing signal, and otherwise to attain an output high- 
impedance state. 

15. The semiconductor memory device according to claim 
14, wherein 

said means for generating said output enable signal 
includes means operating in synchronization with said 
clock signal, for producing said output enable signal by 
delaying said read enable signal by a period equal to a 
predetermined cycle(s) of said clock signal, and 

said delay means includes means for delaying said inter- 
nal mask instructing signal by periods equal to half a 
cycle and one cycle of said clock signal to produce said 
first and second delayed mask instructing signals, 
respectively. 

16. The semiconductor memory device according to claim 
1, further comprising: 

a data latch provided at a preceding stage with respect to 
said gate circuit for latching the data to be applied to 
said gate circuit. 

17. The semiconductor memory device according to claim 
1, wherein said gate circuit includes a latch for latching 
received data for application to said output circuit. 

18. The semiconductor memory device according to claim 
1, wherein said semiconductor memory device is configured 
to operate in synchronization with said clock signal for 
inputting and outputting data. 

19. The semiconductor memory device according to claim 
1, wherein said output control circuit includes means for 
making conductive said gate circuit at a timing faster than 
enabling of said output circuit. 

20. The semiconductor memory device according to claim 
1, wherein said output control circuit includes means for 
making non-conductive said gate circuit at a riming faster 
than the deactivation of said output circuit. 
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